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SEPTEMBER 1955 


THE INSTITUTE OF PETROLEUM 


AN Ordinary General Meeting of the Institute of Petrol- 
eum was held at 26 Portland Place, London, W.1, on 13 
April 1955, the Chair being taken by the President, 
Lt.-Col. 8. J. M. Auld, O,B.E., M.C., D.Se, 


The Editor read the minutes of the previous meeting, 
which were confirmed and signed as a correct record, He 


also announced the names of members elected since the 
previous meeting, and gave notice of the date of the 
meeting. 


The Chairman, introduced Mr J. B. Sandrock of Esso 
Development Co, Ltd., who read the following paper on 
behalf of the author. 


REFINING METHODS FOR MAXIMIZING MIDDLE 
DISTILLATE PRODUCTION * 


By L. S. BONNELL ¢ 


SUMMARY 


PETROLEUM refiners, like many others producing 
consumer goods find it advantageous to make detailed 
studies of consumption trends. The Standard Oil 
Company (N.J.), affiliated and subsidiary companies 
(hereafter referred to as Jersey) have periodically 
studied overall market and refining trends. This has 
aided in planning refinery operations, and in deciding 
where additional refining and marketing facilities 
may be needed. In recent years, Jersey’s studies 
generally indicated that the world-wide consumption 
of certain petroleum products will likely increase 
faster than for other products. Notably, the con- 
sumption of distillate fuels, compared with other 
products, has regularly increased in some areas, and 
this trend is expected to continue. 

In the past, studies of refining operations in the 
U.S.A., made for Jersey by the Esso Research and 
Engineering Company (formerly Standard Oil Devel- 
opment Company), have shown that the problem of 
meeting the demand for distillate fuels can be solved 
largely by modifying available refining methods. 
This paper covers a brief, general investigation of the 
subject. It points out how refining schemes gener- 
ally may be altered to increase distillate fuel produc- 
tion, with emphasis on the European refining area. 

The results from the different refining schemes used 
in this study are intended to show approximate pro- 
duction potentials which might be realized in certain 
refining areas; namely, in Europe, the U.S.A., and 
Canada. For convenience, consideration will be 
confined to the total production of distillate fuels, 
termed middle distillate, and comprising kerosine, 
jet fuels, gas oil, and diesel fuels. Detailed studies 
beyond the scope of the present one would be needed, 
of course, to establish how specific refineries might 
increase middle distillate production economically. 


INTRODUCTION 


In some refining areas the forecast is that the dis- 
tillate fuel consumption will probably increase faster 


than that for other major petroleum products, This is 
shown by recent studies of consumption and refinery 
production trends in three refining areas—Europe, 
the U.S.A., and Canada. In some areas the con- 
sumption trend for distillate fuels has been alarmingly 
sharp. 

As a basis for this study, refining plans were set up 
for each of the three refining areas mentioned above, 
The base plan for each area reflected existing or 
immediate future average operations for several refin- 
eries in each area, In all cases, by changing the crude 
rate the volume of motor gasoline and speciality 
products—chiefly solvent naphthas, lubricating oils, 
and asphalts—were held constant as operations were 
modified to increase middle distillate production. 
Gasoline octane number was also kept constant. 
Several alternative refining plans were computed. 
In each, processing alterations were made to increase 
middle distillate production. Normally available 
modern refining equipment was assumed, 

Generally speaking, refining operations are geared 
to meet the demand for motor gasoline and other 
major fuel products. In this circumstance, the ratio 
of middle distillate to motor gasoline is a useful 
yardstick. It readily measures in a simple way the 
effect of changing operations to increase middle dis- 
tillate production when assuming that motor gasoline 
production must be held constant. With this in mind, 
a preliminary review was made of a number of differ- 
ent refining situations. Generally, a fairly large 
increase in middle distillate-motor gasoline ratio 
was indicated to be possible when (a) removing 
middle distillate from cracking feed stocks, (b) adding 
maximum virgin naphtha to middle distillate, and 
(c) increasing middle distillate final boiling point 
somewhat beyond the limit allowed in some areas by 
product specifications. 

When applying the modifications (a)~(c) to the 
U.S.A. operations, the middle distillate-gasoline 
ratio could be increased from 1-06 to 1-9. To achieve 
this increase would require improved distillation and 
storage facilities. The crude rate had to be increased 
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30 per cent in order to maintain constant volume of 
motor gasoline and speciality products. 

In the European area, where refining operations 
are somewhat different from those in the U.S.A., 
it might be more difficult to increase the middle 
distillate-gasoline ratio, This would be largely 
because middle distillates for European sales do not 
include much cracked distillate. Also, the sulphur 
content of both bunker fuels and distillate fuels is a 
limiting factor. Notwithstanding, there are two steps 
which would improve middle distillate-gasoline ratio 
in Europe ; namely, (a) remove virgin middle distillate 
fractions from cracking feed stock, and (b) remove 
such fractions from bunker fuel, assuming its sulphur 
specification could be met by using blending stocks 
that have been partially desulphurized. The overall 
effect of introducing these relatively simple changes 
in the refining plans studied, showed that middle 
distillate-motor gasoline ratio could be improved 
rather sharply, from a value of 0-75 for the base 
refining plan to 1-4, 

A comparison of the European results with those 
from the U.S.A. study indicated how different market 
requirements and different crudes affect middle 
distillate production, The conclusion was that the 
middle distillate-motor gasoline ratio in Europe 
could be much improved by finding outlets for 
speciality products now included in motor gasoline. 
Also, this ratio could be raised by refining crudes 
giving relatively high middle distillate and low 
naphtha yields. 

Analyses of the Canadian situation pointed to the 
problems facing the refiner marketing in a cold climate. 
Transportation problems also complicate the picture 
in Canada, This part of the study showed that 
middle distillate-gasoline ratio for the Canadian 
refineries could be varied over a wide range by widen- 
ing the boiling range of the middle distillate fractions. 
It appeared possible that some of the advantages 
indicated by this step could be realized if adequate 
consumer and bulk storage facilities became available. 
Meeting critical pour specifications appeared to be 
the chief problem. 

The conclusions from this study are based on 
rather general refining plans. These do not necess- 
arily reflect the operations of any one refinery. 
Changes in operational factors, such as the type and 
amount of crude run, refining methods, and quality 
requirements, might alter the conclusions quantita- 
tively. Economics certainly would be a deciding 
factor in most situations. In the final analysis, 
however, there remain two important ways of improv- 
ing middle distillate supply : 


1, Remove middle distillate from cracking 
feed stocks. 

2. Widen the boiling range of middle distillate 
as far as quality restrictions permit. 


Proper application of such steps should suffice to 
meet most of the immediate needs for increasing 
Thus, it should be expected 


middle distillate volume. 
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that as requirements materialize, present refining 
methods will be more fully exploited wherever the 
economic incentive exists. 


CONSUMPTION OUTLOOKS 


Readily available information indicates that the 
consumption of middle distillate will certainly tend 
to increase faster than for other major petroleum 
products in the European refining area.t A con- 
venient way of analysing this trend is to look at the 
ratio of middle distillate to motor gasoline which is 
shown in Table I. This compares the consumption 
ratio with the refinery output for the European 
industry. The 1953 figures are based on actual pro- 
duction and consumption data. On the surface, the 


Estimated Middle Distillate-Motor Gasoline Ratio 


Year .| 1953 | 1954 | 1955 | 1956 

Consumption .| 105 | 106 | 107 | 1-08 

Refinery production . 1 | O97 | 0-07 —_ 


‘00 


relatively small increase in middle distillate-motor 
gasoline ratio based on the estimated figures does 
not look too alarming. There does, however, appear 
to be a trend toward unbalance between supply and 
production ratios of these products. In addition, 
there is evidence of considerably greater unbalance 
of middle distillate supply and production in certain 
European countries. This raises the question of what 
steps might be taken in certain refineries to bring the 
middle distillate-motor gasoline ratios more nearly 
in balance. 

In some other Jersey refining areas, notably in 
Canada, the trend in the middle distillate—motor 
gasoline ratio shown by product sales portends 
increasing shortages of middle distillate. Figures on 
this basis in Table II reveal that there was a sharp 
increase in this ratio for Imperial Oil Ltd. between 
1949 and 1952. The Jersey world-wide figures also 
show a smaller but significant trend. In view of 


Tasre II 
Middle Distillate-Gasoline Ratios Based on Sales 


| 1949 | 


1950 | 1952 | 1961 | 1953 


Year 
Imperial Oil Ltd.* | 0-62 | 0-70 | 0-73 | 0-73 | 0-74 
Jerse world. 

wide 


j | 0-72 | 0-77 | 0-79 | 0-80 | 0-77 
these figures, supply problems are a possibility in 
certain refining areas. 


BASES OF STUDY 


A first step in this study was to set up base refining 
plans reflecting near-current operations. For any 
one area, the base plan corresponded to the average 
operations in a typical group of three or more refin- 
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eries. For example, the U.S.A. base-plan operations 
included deep vacuum crude distillation, fluid cata- 
lytic cracking, and thermal cracking of naphtha 
and crude pitch. Fig | is a greatly simplified process 
flow diagram showing the chief source of middle 
distillate and other major fuel products in the U.S.A. 
base case. A somewhat different plan was required 
to reflect European operations, as shown later. 
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AVERAGE U.S.A. REFINING SCHEME 


Explanatory : Only major processes are indicated. Minor 
processes were not taken into account except for thermal 
cracking of catalytic clarified oil and non-selective olefin 
0lymerization. Middle distillate includes all distillate fuels— 
erosine, diesel fuels, heating oil, and the like. 


In computing the results for the base cases, certain 
approximations of minor importance were made for 
convenience. Another qualification is that only 
total middle distillate has been considered. No 
attempt was made to ascertain whether this distillate 
contained the required proportions of merchantable 
products. The requirements may vary widely from 
one location to another. Notwithstanding, past 
studies have shown that the total middle distillate 
will contain a sufficient variety of fractions so that 
ordinary consumption needs can be met. Consider- 
ing all these qualifications, the results for any one 
refining plan are not necessarily typical of any refinery 
in a given area, but rather are intended to reflect a 
given general situation. 

In the interest of realism, the base plans assumed 
the use of modern refining equipment already existing 
or about to be installed. The volume of all of the 
more important products were kept in line with 
anticipated consumption requirements, with this 
exception : the volume of bunker fuel oil was allowed 
to vary as processing was modified to increase middle 
distillate production. Also, gasoline octane number 
was held constant at near-current levels for each 
area, and the quality requirements of other major 
products were kept practically the same through- 
out. Sufficient raw materials for making so-called 


“ speciality ’’ products were set aside in order that 
their influence on middle distillate-motor gasoline 
ratio would be accounted for. The distinction made 
among major and speciality products is shown in 


Table IIT. 


Taste Ul 


Speciality products 


Major fuel products 
(constant volumes) 


Motor gasoline (constant volume) * Liquid petroleum gas 

Middle distillate (variable volume) Aviation gasoline 

Bunker fuel oil (variable volume) Solvent naphthas 
Lubricants and wax 
Asphalts and chemicals 


* Constant octane number at level current in each area. 


GENERAL EFFECTS OF REFINING 
METHODS 


A preliminary review of certain refinery operations 
indicated that generally fairly large increases in 
middle distillate production could be realized by : (a) 
removing middle distillate from cracking feed stocks ; 
(6) adding maximum virgin naphtha to middle dis- 
tillate ; and (c) increasing middle distillate end point 
somewhat beyond the limit allowed in some areas by 
product specifications. This was clearly shown by a 
detailed study of the U.S.A. situation, 


Taste IV 
Summary of U.S.A. Refining Schemes 


Case 2-D D-3 4D 
Like 2-D Like 3-D 
with max | with higher 
naphthain | FBP mid 
mid dist | diat 


No mid 
Characteristics : : dist 
cracked 


Mid dist, FBP,° F , 620 620 700 
3 327° ©) (327° ©) (371° C) 
Virgin naphtha in 
mid dist ‘ 
°., Mid dist in cat crack 
ing feed 
Rates and 
1000-b.¢.d 
Crade distillation 
Motor gasoline 
Middle distillate . 
Bunker fuel oil 
Middle distillate-motor 
gasoline ratio . 


Production 


Table IV summarizes the results from the U.S.A. 
plans for refining average U.S.A. crude. A_ crude 
rate of 100,000 barrels/calendar day (b.c.d.) for the 
base case was assumed for convenience. In the 
following cases motor gasoline volume was held 
constant by increasing crude rate. 

Case 2-D shows that by removing all distillate 
fuel fractions from cracking feed, an important 
boost in middle distillate volume would result. The 
increase in middle distillate-motor gasoline ratio to 
1-44 from 1-06 was caused partly by the 14 per cent 
increase in crude rate needed to maintain a constant 
volume for all products, excepting middle distillate 
and bunker fuel. 

Case 3-D shows the effect of raising the percentage 
of heavy naphtha included in middle distillate. This 
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could be achieved by improving the performance of 
crude fractionation facilities, without lowering distil- 
late fuel flash specifications. 

In Case 4-D middle distillate final boiling point 
(F.B.P.) was raised to 700° F (371° C) with a resultant 
large increase in distillate volume. This would 
involve @ further improvement in fractionation facili- 
ties. Also, additional refining of heavy cracked 
distillates would be needed, 

There were indications that most if not all of the 
principles found to apply in the U.S.A. refining plans 
could be used by refineries in other areas. With this 
background, the study was extended to the European 
and Canadian situations, 


EUROPEAN OPERATIONS 


Fig 2 is a simplified version of the base case showing 
the major processes and the sources of middle dis- 
tillates for a group of European refineries for 1954. 
Aramco crude was assumed as fairly representative 
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AVERAGE EUROPEAN REFINING SCHEME 


Explanatory; Only major processes are indicated. Minor 
processes were not taken into account in computing European 
cases, except for non-selective olefin polymerization and treat- 
ing of kerosine and lubricating oils, Middle distillate includes 
all distillate fuela—kerosine, jet and diesel fuels, and the like. 

* If the refinery has a catalytic combination cracking unit, 
reformer vapour goes to combination unit tower and vacuum 
distillation is omitted. 


for the average refinery. For convenience, the base 
case was assumed to be a full-scale refinery of a 


nominal capacity of 100,000 b.d. of crude distillation. . 


Results for smaller refineries could readily be scaled 
down from these figures. 

This base case reflected an average combination of 
various refinery operations; namely, atmospheric 
plus some vacuum distillation, fluid catalytic cracking, 
thermal naphtha reforming, and light olefin polmer- 
ization. The assumption was made that the middle 
distillate would comprise mainly crude fractions, 
since most European distillate fuels contain no 
cracked materials. Middle distillate end point was 
carried to about 705° F (374° C) final boiling point 
(F.B.P.). This F.B.P. was considered to be limited 
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by the sulphur content of the major middle distillate 
fractions. Another factor in European operations, 
not important in the U.S.A. picture, is that sulphur 
content of bunker fuel normally is a serious problem. 
Thus, to approach the sulphur specifications, some 
virgin (crude) middle distillate must be added to 
bunker fuels in excess of that needed to meet the 
usual specifications of gravity, or viscosity, or both. 
Finally, because there is a ready residual fuel market, 
no thermal cracking (visbreaking) of crude residua 
is ordinarily used. 

The operational factors described above indicated 
that the two steps which might improve middle 
distillate-motor gasoline ratio in the European 
refining area would be the following : 


(a) remove virgin middle distillate fractions 
from cracking feed stocks ; 

(b) remove virgin middle distillate fractions 
from bunker fuel oil assuming the bunker sulphur 
specification could be met by blending in stocks 
that had been partially desulphurized. 


A case producing higher than about 705° F (374° C) 
F.B.P. fractions in middle distillate was not considered 
a practical one because sulphur and sometimes pour- 
point specification tend to limit the end point to this 
level. 

Table V summarizes the principal results for the 
European cases discussed below. 


TaBLe V 
Summary of European Refining Schemes 


Oase Number: 2-E | 38-B | 4* 


| | 
(Base) | 


% Virgin naphtha in mid dist 
(max possible) . 
%, Mid dist in cracking feed . 
Limiting bunker fuel spec 
Rates, L000 b.c.d, 
Orude distillation 100 
Cat cracking, fresh feed . 18-3 


| 86 30 
| 0 
| 
| 
| 
| 
Production, 1000 b.e.d. : | 
| 
| 
| 


0 
Viscosity 


0 
Sulphur | Sulphur 


Motor gasoline . ‘ ° ° 32-4 

Middle distillate ° 24-2 
Bunker fuel oil 

Virgin mid dist included in fuel oil. | 

Middle 
ratio 

Bunker fuel oil quality ; 
“AVI gravity . | 
Sp.gr. . 0-9665 | 


distillate-motor gasoline | 


| 

0-9752 | 00-9895 
160 | 150 


* U.8.-type operations assumed. See text. 


Base Case 1-E. As already stated, the base case 
reflects average, approximate 1954 results, which 
were anticipated for the average European refining 
situation. This case showed a 0-75 middle distillate— 
motor gasoline ratio, well below the 1-08 ratio pre- 
dicted for internal European consumption in 1956. 

Case 2-E. ‘This case shows the effect of removing 
all 435° to 705° F (224° to 374° C) boiling range middle 
distillate from cracking feeds. As expected, the 
result was a large increase in middle distillate produc- 
tion over the preceding case, with the middle distillate— 
motor gasoline ratio increased from 0-75 to 1-34. This 
simple step alone, therefore, brought the ratio to a 
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considerably higher figure than the 1-08 consumption 
ratio estimated for 1956. 

Case 2-E assumes provision of adequate distillation 
and storage facilities for producing and segregating 
all middle distillate fractions. Since bunker fuel 
sulphur influences the amount of middle distillate 
needed in the blend, this case was set up to give bunker 
fuel oil of the same sulphur content as computed for 
the base case. A greatly increased crude rate was 
needed to offset loss in gasoline yield incurred by not 
cracking middle distillate materials. 

Case 3-E. This case, a modification of Case 2-E, 
shows the effect of limiting the amount of middle 
distillate in bunker fuel oil to the extent needed only 
by viscosity and gravity specifications. The result 
was a further but small increase in middle distillate 
production. It is possible that the fuel blending 
stocks used could be hydrofined to reduce their sul- 
phur content, thereby allowing sulphur specifications 
on fuel oil blends to be met more readily. 


Comparison with U.S.A. Operations 


Case 4. In this case, U.S.A.-type operations were 
applied to the average European crude, making 
Europeen product distribution and quality excepting 
bunker fuel sulphur. That is, referring to Fig 1, deep 
vacuum flashing, pitch visbreaking, and fluid catalytic 
cracking of maximum available gas oil (excluding 
middle distillate) was assumed. The chief purpose 
of this case was to illustrate the effect of minimizing 
bunker fuel oil as accomplished in U.S.A. operations. 

Case 4 shows a 1-30 ratio (middle distillate—motor 
gasoline) as compared with 1-41 for Case 3-E because 
of the additional processing by catalytic cracking. 
From this it seems apparent that the type of pro- 
cessing in the European cases was not responsible 
for the lower ratio. 

Further, comparing the U.S.A. and European results, 
the final U.S.A. case showed a middle distillate—-motor 
gasoline ratio of 1-9, compared to the 1-3-ratio shown 
in Case 4. This raised the question of what causes 
contributed to this marked difference in ratio. Analy- 
sis indicated that the 1-9 ratio could be achieved in 
Europe when allowing for the following factors : 


(a) In the U.S.A. cases, compared to Europe, 
motor gasoline yield on crude is about 5 per cent 
lower because some potential motor gasoline 
fractions are sold as aviation gasoline, solvents, 
and chemicals. 

(b) Sale of 2-4 per cent on crude of fuel oil 
blending stock in the European cases. This 
product is really middle distillate, but is not 
considered as such. 

(c) The Arameo crude refined in Europe con- 
tains 6 per cent more virgin gasoline without a 
compensating increase in middle distillate con- 
tent, compared to average U.S.A. crude. 


The ratio (middle distillate-motor gasoline) in 
Europe could be much improved by finding outlets 
for speciality products now included in motor gasoline. 
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Also, it would help to discontinue making fuel oil 
products requiring excessive amounts of middle 
distillate fractions in order to meet sulphur specifica. 
tions. 

In brief, the study of the European cases indicated 
that immediate future needs for middle distillates 
can probably be approached by refraining from crack- 
ing middle distillate fractions. To accomplish this 
would require improved fractionation and storage 
facilities. 


CANADIAN OPERATIONS 


The results of studies on the Canadian operations 
are of interest here, since they demonstrate principles 
applicable to the European problem, The situation 
in Canada can be likened to that which would face 
refineries supplying the market in the colder countries, 
Norway and Sweden, for example. 

The high middle distillate consumption in Canada 
stems chiefly from two basic causes : 


(1) Canada’s cold climate naturally creates a 
high demand for distillate fuels. 

(2) There are no all-the-year-round warm areas 
consuming gasoline which can readily supply 
distillate fuels to those having high distillate 
demand. Other factors complicate the problem 
of meeting this demand. Pour and cloud point 
specifications, important because of the cold 
climate, definitely limit middle distillate pro- 
duction. 


The situation facing some of the Canadian refineries 
was examined in some detail with the aid of a base 
case, typical of 1953 operations, and some possible 
future refining schemes. These were set up to repre- 
sent an average of three plants, typical of refineries 
operating in different Canadian provinces. The 
objective was to determine what could be done to 
increase middle distillate supplies by widening the 
boiling range of the middle distillate fractions, since 
in the Canadian operations the amount of middle 


Taste VI 


Summary of Canadian Refining Schemea 


Case Number (Base) 3-0 
Approx characteristics of mid dist ; 
Flash, F 140 115 115 116 
Boiling range, (nomin«l) . | 350-675 | 300-700 | 200-725 | 
Boiling range, (nominal) 177 -467 149-271 140-385 «138-585 
Pour, 10 10 0 0 
Relative crude rate and major pro 
ducta, 1000 b.e.d 
Crude run ‘ 100-0 106-7 Hi 118-2 
Motor gasoline 37-2 57-2 37:2 37-2 
Middle distillate 4 w6 36-6 16-2 
Ratio 
Middle distillate-motor gaso- 
line . 0-82 0-98 1-08 124 


distillate included in cracking feed stocks had already 
been reduced to a practical minimum. The other 
characteristics of the Canadian operations are similar 
to those for the U.S. refineries shown in Fig 1. 
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Referring first to Case 1-C (base) a crude rate of 
100,000 b.c.d. was assumed for convenience, A 
middle distillate—-gasoline ratio of 0-82 was obtained. 

Comparing Case 2-C with 1-C, lowering the middle 
distillate average flash by 25° F (—4° C) would permit 
including additional heavy naphtha fractions in middle 
distillate and raising the final boiling point. This 
would increase the ratio of middle distillate to gasoline 
from 0-82 (base) to 0-98, an important improvement. 
Jase 3-C shows a further possible increase (to 1-08 
from 0-98) in the middle distillate—gasoline ratio as a 
result of raising limiting pour point by 10° F (—12° C). 
This small increase is obtained by increasing final 
boiling point. Because of the difficulty of segregating 
low- and high-pour stocks in transit and in consumer 
storage tanks, this case offers little promise. How- 
ever, Case 3-C shows the magnitude of possible gain 
if it became possible to segregate distillates having, 
say, —10° F (—12° C) and +-0° F (— 18° C) pour points, 
This possibly could be achieved with segregated storage 
for special low-pour products made in small volume 
for the colder marketing areas. 

Case 4-C shows a possible important increase in the 
ratio up to 1-24 if all naphtha fractions down to 280° F 
(138° C) initial boiling point could be included in 
middle distillate. Superfractionation would be neces- 
sary to include such a large quantity of naphtha 
fractions while maintaining flash specifications. This 
procedure, while technically feasible, would probably 
be fairly costly. 

The above comparisons serve chiefly to point out 
that the middle distillate-motor gasoline ratio can 
be varied over a wide range if average middle distillate 
boiling range can be widened without exceeding 
critical product quality requirements. Such require- 
ments, a8 this study indicated, are sometimes unduly 
restricted because adequate consumer and bulk 
storage facilities are not available. 


PROCESS DEVELOPMENT TO IMPROVE 
MIDDLE DISTILLATE YIELDS 


The foregoing comparisons are limited to specific 
applications of established processes to specific refin- 
ing situations. It is of interest to go somewhat 
beyond these comparisons and review whether modifi- 
cations of existing processes might improve middle 
distillate production. Also, some speculation is 
appropriate on how newer processes under develop- 
ment might influence the picture. 


Gas Oil Conversion Proceases 


The thought has been expressed that what is needed 
to supply more middle distillates is a conversion 
process that would result in a high middle distillate— 
gasoline ratio. So far as known, there is no good 
process for accomplishing this end. At present the 
most common conversion processes used for upgrading 
the less saleable crude fractions do not result in a 
high middle distillate-motor gasoline ratio, For 
catalytic cracking, the major process, this ratio is 
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about 0-5, taking naphtha from polymerization into 
account. Without light olefin polmerization, the 
ratio would be about 0-65. Thermal gas oil cracking 
would give a similar result. 

It can be visualized that a selective cracking process 
to produce principally middle distillates from heavy 
residual fractions would be a very desirable solution 
of the supply problem. But it is improbable that 
such a process could be developed easily, considering 
our current knowledge of the hydrocarbon structures 
present in the heavy oils, the known strengths of the 
carbon—carbon bonds in these structures, and the 
mechanisms by which cracking takes place. Cracking 
thermally and with well-known cracking catalysts 
produces middle distillate and motor gasoline in a 
surprisingly near-constant ratio. 

Application of relatively inexpensive catalytic 
cracking produces high octane gasoline throughout 
the entire C,-430° F (221° C) boiling range permissible 
in motor gasoline. The value of this high octane 
material is much higher in gasoline than its value 
in middle distillate. Therefore, a conversion process 
for making middle distillate rather than gasoline could 
not compete with catalytic cracking to make high 
quality gasoline, unless it was considerably lower in 
operating cost than catalytic cracking. It is not 
impossible that such a process could be developed ; 
it is, however, likely to be difficult. 


Residuum Conversion Processes 


Past refining studies have shown that there is little 
gain in middle distillate production when using known 
refining methods for reducing fuel oil production. 
This is illustrated in Table VII comparing refining 
cases for U.S.A.-type operations. Motor gasoline 
production and octane number were held constant, and 
middle distillate production was maximized. Vacuum- 
flashed pitch (7-5 per cent on crude) was processed 
in turn by thermal visbreaking, by de-asphalting, 
and by coking. U.S.A. average crude was assumed. 


Taste VIL 


| Thermal | De-as- 
vis- 
breaking 


Pitch processing method Coking 


phalting 


Crude rate, 1000 b.c.d. ; 91 
Major products, 1000 b.c.d. : | 
Motor gasoline 
Middle distillate . 

Ratio: Mid Dist-Motor | 


33-9 

Gas . | rf | 1-08 
Bunker fuel oil | 3:8 


Coking slightly improved middle distillate production, 
but the change in middle distillate—gasoline ratio 
from the first case to the last was quite small. Much 
the same result would be obtained for the Aramco 
crude used in the European cases. But if this same type 
of comparison were made starting with a much heavier 
(lower °API gravity) crude, coking would result in a 
greater increase in middle distillate-gasoline ratio 


i 
f 
| 
f 
{ 
| 89 
| 33-9 
1-17 


over the visbreaking case. This is because heavy 
crudes require a larger amount of middle distillate 
fractions in bunker fuel to meet viscosity require- 
ments than medium or light crudes. Coking releases 
such fractions for other uses. 

Visbreaking of residuum fractions obtained by 
either atmospheric or vacuum distillation ordinarily 
gives about a 1:1 middle distillate—gasoline ratio. 
However, the distillate volume from visbreaking is 
usually small, and the quality of the gasoline is poor. 


Fluid Coking 


The results shown above for the coking case are 
fairly representative for the average U.S.A. refinery 
using fluid coking. This new Jersey coking process, 
which has recently reached commercial use in the 
U.S.A., appears to have definite advantages over the 
older coking processes. It gives a higher yield of 
useful products and a somewhat lower coke yield, 
and the investment required is significantly lower. 
From the viewpoint of the refiner, fluid coking has 
definite promise in locations where a reduction in 
residual fuel production is needed. Speciality uses 
for the granular coke produced may aid in making 
the process economically attractive.* 


Pour Point Reduction 


One approach to increasing middle distillate yield 
would be to find ways of reducing the effect which 
high-pour components have upon the pour and cloud 
points of a blend. It might be possible, for example, 
to develop additives that reduce cloud and pour points. 


Influence of Crude Quality 


It is obvious, perhaps, that refining crudes contain- 
ing relatively large amounts of middle distillate 
fractions will result in high middle distillate-motor 
gasoline ratios. Crudes containing large amounts 
of heavy gas oil and residual fractions require large 
amounts of cracking, which lowers the ratio. For 
this reason, those refineries having need for a high 
distillate fuel—gasoline ratio should process the lighter 
crudes when possible. The exact relationship between 
crude distillation characteristics and middle distillate— 
gasoline ratio has not been established in this study. 
However, it should bear close examination for those 
refineries where a choice of crude can be made. 


Hydroforming 
Hydroforming, a process for making high octane 
gasoline from low grade naphthas, will generally have 


C. V. Hill: The subject of Mr Bonnell’s paper is of vital 
interest to European refiners. As Mr Bonnell points out, 
the paper is of necessity based on averages and broad 
principles, and the question arises as to how far the 
assumptions which are essential to calculations can be 
related to the practice in any one refinery. 

Two of the assumptions made by Mr Bonnell appear to 
present possible difficulties when applied to individual 
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little or no effect on middle distillate-motor gasoline 
ratio. This statement assumes use of the process in 
a conventional refinery having catalytic cracking. 
When hydroforming is substituted for thermal re- 
forming in such a refinery, keeping total motor 
gasoline octane number constant, the ratio (middle 
distillate-motor gasoline) would decrease by about 
3 to 4 per cent. This occurs because for a given 
octane number level, hydroforming increases gasoline 
yield. On the other hand, when hydroforming is 
substituted for thermal reforming to permit making 
a higher octane gasoline pool, the ratio (middle dis- 
tillate to motor gasoline) may be essentially unchanged. 

In a refining situation where modern cracking facili- 
ties do not exist and a market for very high amounts 
of residual fuels is available, hydroforming would 
conceivably find application. A higher middle dis- 
tillate-motor gasoline ratio would be possible 
generally under this condition compared to that 
obtained where motor gasoline quality and yield 
come largely from catalytic cracking. 


Hydrodesulphurization and Hydrofining 

Hydrodesulphurization, a modified catalytic hydro- 
genation process for sulphur reduction, is being 
installed in some of the European and other refineries 
where high-sulphur stocks are a problem. It might 
find application particularly in making diesel oils 
from high-sulphur stocks, provided the hydrogen 
required for the process is not excessive. This would 
permit materials high in sulphur to be upgraded from 
bunker fuel blending agents to middle distillates. 
In addition, it may allow smaller amounts of middle 
distillate fractions to be used as bunker fuel blending 
agents in cases where sulphur is a limiting specifica- 
tion on bunker fuel. 

Hydrofining, a modification of hydrodesulphuriza- 
tion, is used for improving the stability of certain 
cracked fractions, thereby permitting their inclusion 
in distillate fuels. This process, since it gives only a 
small reduction in sulphur, would not accomplish the 
benefits of hydrodesulphurization. 
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refineries. One is that the total middle distillate can 
readily be split into marketable products. I can visualize 
the case of a refinery where there is a very large demand 
for kerosine, with the result that all the very low sulphur 
material would be taken out of the bulk middle distillate. 
The remainder might well be of too high a sulphur content 
for diesel engine road vehicle fuel, and might therefore 
have to be confined to marine diesel fuel. If that refinery 
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did not have an adequate off-take for bunkers there might 
be some expensive cross-hauls from one refinery to 
another, in order that that surplus marine diesel fuel 
could be disposed of, while an importation of gas oil of 
suitable sulphur content for the actual proper market of 
that refinery might also be required. This indicates 
the hydrofining of some of the distillate not for fuel oil, 
but for the middle distillate itself. 

The other assumption which worries me a little is that, 
in some cases, the whole of the fuel oil of a given refinery 
can be disposed of at ships’ bunkers. In my experience, 
this is sldous the case, and a high proportion of the fuel 
oil taken from any one refinery must be of a considerab] 
lower viscosity than those in Table V for 150 Saybolt 
Furol at 122° F. If any refinery could dispose of the 
whole of ite fuel oil at Bunker C viscosity, it would be the 
new refinery at Aden, which is situated at one of the 
biggest bunkering ports in the world. Nevertheless, 
only two-thirds of the fuel made at the Aden refinery can 
be disposed of at as high a viscosity as 150 Saybolt Furol, 
i.e. 3000 seconds Red. I at 100° F, The remainder is 
required at 60 Furol or below, 

had a calculation made for one particular refinery 
which meets Mr Bonnell’s conditions for average Euro- 
pean operation, é.¢. for distillation, reforming, and fluid cat 
cracking, operating 50 per cent of its throughput on high 
sulphur Middle East crude, and the remainder on one of 
the lower sulphur crudes, so that the overall crude input 
can therefore be regarded as a fair average of Middle 
Kast production. hen Mr Bonnell refers to the removal 
of all the 435° to 705° F boiling range from the cracking 
feeds, I assume he does not imply scientifically perfect, 
but good fractionation within the limite of the ordin- 
ary refinery distillation unit. By following Mr Bonnell’s 
line of thought a middle distillate-motor gasoline ratio of 
1-34 can be achieved on paper, and this is almost exactly 
in line with 2E, Table {" The resulting bunker fuel oil 
is not 80 sec Furol as in Mr Bonnell’s Table, 
but 800, ¢.e. 20,000 sec Red. I at 100° F. Now, in 
order to reduce tiie viscosity to what is considered 
to be marketable, namely 150 Furol, I have used cata- 
lytically cracked gas oil as a cutter stock, because that is 
the highest sulphur, and therefore probably the least 
desirable component of the middle distillate. When that 
has been done and fuel cut back to give 3000 see Red. I at 
100° F, the middle distillate-motor gasoline ratio falls at 
once, from 1-34 to 1-08, and even at this ratio the whole 
of the refinery make of fuel oil is at 3000 sec viscosity. 
The pattern of the market demand in this particular re- 
finery is such that it will absorb less than half the make at 
this high viscosity, the remainder being at 1000, 650, and 
250 sec Red, I at 100° F. The effect of bringing the 
viscosity of the fuel oil down to the customers’ demand 
limit is to bring the middle distillate-motor gasoline ratio 
below one. 

As a result of these rather interesting calculations, I am 
unable to decide to what extent the line of attack which 
was adopted by Mr Bonnell is, in fact, applicable in prac- 
tice at one refinery, as opposed to a group of average re- 
fineries, I would like to ask Mr Sandrock whether he 
considers that any one European refinery will be able to 
do better than a ratio of one, without introducing these 
new processes to which Mr Bonnell referred, desulphur- 
ization in particular. 


J. B. Sandrock: The paper states that one should not 
consider any one refinery as a specific problem, but rather 
should one consider a large area, and therefore it is 
extremely difficult, except in certain very particular 
circumstances, to apply it to a given refinery. No two 
refineries are the same, What one has, another lacks, and 
vice versa, and in general, one has to consider an area 
situation, 80 that what one gains on the swings, one loses 
on the round-abouts, 

I did not check Mr Hill's calculations on the high vis- 
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cosity fuel oil, so I do not know the reason for the result. 
Possibly Mr Bonnell’s European cases were based on 
Aramco crude entirely, and that might have some effect 
on the high viscosity factor. 

In connexion with the first point that Mr Hill made, here 
again he says that single refineries may, for example, have 
large kerosine requirements. I would like to emphasize 
again that this should not be applied to single refineries. 
I would say, if that is the case, and one wants a low sulphur 
kerosine, and not a high sulphur diesel fuel, it is necessary 
to install a hydrofining unit. 


J. H.G. Carlile: Mr Bonnell’s paper is a timely reminder 
that the present shortage of middle distillate fuels con- 
stitutes a very real problem. Whether this problem will 
be more acute in the future is a matter on which we can 
only speculate, but there are indications that substan- 
tially increased demands for diesel fuel and jet fuel willhave 
to be met. On the marine side there has been a marked 
increase in the use of diesel engines since 1948, and it has 
been estimated that by 1958 motorships will account for 
some 40 per cent of world tonnage. Diesel rail traction is 
also becoming well established in various parts of the 
world, and the recent plan for modernization of British 
Railways proposes a large increase in the use of diesel loco- 
motives in the U.K. 

I was rather surprised to note the base case selected for 
U.S. refining schemes (Table [V) was one in which the 
middle distillate—motor gasoline ratio was as high as 1-06. 
If this was in fact representative of average U.S. refining, 
which in 1953 gave a ratio of the order of 0-55, there would 
be no problem of a shortage of middle distillate fuels but 
rather the reverse. Similarly, whereas average European 
refining gives a middle distillate-motor gasoline ratio of 
approximately | (‘Table I) a lower ratio is used in the base 
case quoted in Table V. Would the same potential 
improvements of middle distillate-motor gasoline ratio 
which are shown to be possible for selected cases apply to 
the average ones ? 


J. B. Sandrock : On the U.S. basic case question, those 
figures are specifically for the average of three typical 
U.S. refineries, on which the base case is built up. They 
do not necessarily reflect operations throughout the U.S.A. 
In fact, if one averaged the results of all the U.S. refin- 
eries it might not necessarily come to that. I think 
Mr Bonnell selected refineries with a view to covering as 
wide a range as possible of U.S. practice, but the actual 
figures may vary a bit if one takes into consideration a 
few more refineries or a specific refinery. 

In the case of the European query, there is the base 
case here with a ratio of 0-75, That also was obtained by 
averaging a number of specific refineries. The figures 
given in the paper of refinery production were taken, I 
think, from an O.E.E.C., publication, and they relate to 
the whole of Europe. There again, it is possible that 
there would be soni discrepancies. I agree that in this 
case it appears to be fairly wide. The figure given in 
Table V for the European base case is an average for a 
given number of specific refineries, whereas the figure 
given on page 274 for refinery production is one which was 
taken from an O.E.E.C., source, not one of our own, and 
there may have been a slightly different basis for com- 
piling the figures, so the figure for the whole of Europe 
may vary a little from the European base case, 


G. M. Barrett: Mr Bonnell mentioned in his paper that 
by extending the gas oil boiling range one would lower the 


Flash Point by about 25° F. I would like to ask whether 
any consideration was given to the possible increase in 
vapour pressure if one drops the Flash Point by putting 
more volatiles in this material, and whether that is likely 
to cause any trouble in diesel engine injection systems, 
and whether there is any particular test which could be 
applied and which that property. 


i= 


J. B. Sandrock: I should say in this case, no. It re- 
ferred to one of the Canadian examples, and one ascer- 
tained by how much this could increase the ratio, the result 
would show that other properties of the fuel were not, in 
this case, taken into account. 


R. L. Cowley: Mr Hill mentioned the distribution of the 
various products within the middle distillates. Is it not 
true that the percentage increase in diesel fuel con- 
sumption in Europe is greater than that of the total 
middle distillates, and has this been taken into account 
when these figures were arrived at? 


J.B. Sandrock : No, that point was not especially taken 
into account. As mentioned previously, Mr Bonnell 
lumped all the middle distillates together. It was his 
feeling that over an area these things tend to average out. 
It may be that in specific countries or in specific situa- 
tions, one has a larger demand for a particular cut of a 
middle distillate, than in another. His paper states, that 
he has had to make that assumption. Naturally, it is 
necessary to make quite a few assumptions. One of 
these, i.e. lumping all the middle distillates together, for 
purposes of simplification; otherwise, one has to cope 
with rather a large number of cases if one tries splitting it 
down further. 


Wm. P. Given: In many of the countries concerned 
there is an artificial retail price for diesel fuel. Within the 
oil industry, the tendency is to make the price f.o.b. so that 
the refinery can eventually meet the law of supply and 
demand. In many countries diesel fuel for road use does 
not carry such a heavy tax as that for gasoline. To that 
extent, an artificial factor is introduced in the natural 
flow of the commodities. Likewise, to the extent that a 
gasoline tax represents a luxury tax, rather than a tax for 
road use and so forth, the economic balance is being 
shifted and should, at least, be compensated for by an 
equivalent tax on diesel fuel. 

The other thought that arises is that in California 
asphalt is being burnt in boilers. I realize that can be 
done best in a stationary application, but it will help to 
raise the overall viscosity of fuel sold, and also in the 
future when the heavy demand for fuel is expected to 
lessen. Another ratio, which is equally important here, 
is the distillate fuel-heavy fuel oil ratio—-making a three- 
cornered analysis desirable, In the same connexion there 
is the use of low-grade gasoline for heating purposes 
about which we shall hear more in the near future. | 
understand that in France a small space-heater is avail- 
able, which will burn heavy straight-run gasoline cata- 
lytically without any great danger. 


R. C. Porter : I was a little disappointed, if I may say so, 
that Mr Bonnell in his paper did not forecast more of the 
technical developments in the new processes which may 
synthesize, either from the top or the bottom, additional 
middle distillates. It seems to me that, in the long run, 
if this trend continues, the solution might lie in one of 
those directions, and I was wondering whether anybody 
could forecast how soon and from which end the synthetic 
distillates are likely to develop. 


J. B. Sandrock: Mr Bonnell makes the point that we 
would all like to see a middle distillate processed from 
heavy fuel oil. Unfortunately, molecules at present do 
not always go in the direction that one wants them to, 
and it would obviously be a little difficult to make one 


thing and not get some other things. The processes 


which have been and are being developed at present on 
converting fuel oil, do in fact, at the same time make gaso- 
line, and when one makes gasoline as well as middle dis- 
tillate, one is still not getting the ratio exactly the way 
one wants it. 


It is a little difficult to predict or spec ulate 
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on what process will be developed next week or next year. 
Naturally, quite a few people are looking into this matter. 


Dr G. B. Maxwell: Those of us who have to handle the 
Middle East crudes are constantly up against this question 
of sulphur content, particularly in regard to hish-apeod 
diesel fuel. That may explain one of the additional 
reasons why the ratio of gas oil-gasoline in the U.S.A. is 
mostly rather better than in the U.K. Generally the 
U.S.A. handles lower sulphur crudes, and for that reason, 
it can cut more deeply into crude to produce virgin gas oil 
and also includes more thermal and catalytically cracked 
gas oil in both high-speed diesel and in heating oils. 
European refineries at the present time are generally con- 
fined to high-speed diesel fuel with a limit of about 1-0 per 
cent of sulphur. Most of the specifications run to about 
that. During the second world war, the limit was raised 
in Many areas up to about 1:25, and outside certain re- 
strictive equipment, and also under certain conditions, 
such as in fishing fleets, where one has long periods at low 
loads and low jacket temperatures, there seemed to be no 
adverse effects (very few were reported) from raising the 
sulphur content of high-speed p mete from 1-0 to 1:25, 
Currently, in some markets the U.K. is now being asked 
to produce high-speed diesel fuel with a sulphur content 
as low as 0-4, and from Middle East crudes the only way 
of coping with this problem is to desulphurize. Are we 
allowing ourselves as refiners to be pushed in a line, merely 
from competition, which is cutting our own throats as 
regards the yields of the middle distillates we are going to 
get? That is one of the points which perhaps Mr Sand- 
rock may care to amplify. 

Similarly, though to a lesser extent, there is the 
question of flash point. In the U.S.A., much of the gas 
oil that is produced contains material which in the U.K. 
would normally be included in a kerosine fraction. How- 
ever, one cannot lengthen one’s kerosine—gas oil cuts at the 
expense of gasoline, as much as one would like, without 
coming up against the flash point limitation. 


J. B. Sandrock: From a technical standpoint, most 
people are agreed that these 0-4 sulphur specifications for 
automotive diesel fuel are restrictive, and that were it not 
for @ competitive situation, one probably would not 
consider going as low as that. I, personally, find that 
it is unjustified, but one has to consider the marketers 
who sell the stuff, and eventually, | suppose, pay us, and 
they seem to like these lower levels. 

In connexion with the flash point, in some cireum- 
stances this is restrictive and if it could be relaxed a little, 
it would certainly assist in making more middle distillate 
and improving one’s ratio, Both these points are very 
important, but Lam not sure whether, as technical people, 
it is possible to do very much about them. 


W. M. Catchpole: Mr Sandrock in his final remark, really 
brought out a point that Mr Bonnell made in his paper, on 
the question of pour point. Even if desulphurization 
comes along for competitive reasons, one will still be left 
with the problem of the wax which is naturally present 
in Middle Kast crudes, and particularly in the case of 
road vehicles and rail-road transport, pour point is an 
important consideration. One cannot leave the fuel to 
solidify in the vehicle tank during cold weather. Mr Bon- 
nell has stated that what one really needs in order to 
provide a large increase in middle distillates is a cheap 
process for removing wax, or an additive which will 
modify wax crystallization, which is a method that I do not 
think will be economic. Failing these, one must try to 
develop a process which will control the type of molecule ; 
i. e. when cracking residue, one must somehow control the 
breakdown so that less gas and gasoline is made than 
in the conventional processes. | see no other simple 
way of making more middle distillate at the expense of 
gasoline. 
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In Table VII I ume all the figures apply to the same 
crude, and I would like to ask whether the coking figures 
are based on the actual commercial operations from the 
one fluid coker that I assume is operating, or are they 
based on predictions from small-scale work? 


J. B. Sandrock : ‘These figures are all based on the same 
crude, on what Mr Bonnell calls the U.S. average crude, 
which he assumes throughout his study. The figures 


on coking are not based on commercial operations, be- 
cause the paper was actually written before the first 
fluid coker, which is now operating very successfully, had 


started up. They are based on pilot plant work, and are 
therefore the estimated yield for a commercial operation. 


Lt.-Col. 8. J. M. Auld: I have the very pleasant task of 
congratulating Mr Bonnell on his admirable paper, and 
on his choice of friend and colleague who has spoken for 
him. Mr Sandrock has discussed specifications, syn- 
thesis, nen wre removal, and many other considerations, 
and his efficient handling of Mr Bonnell’s paper is very 
much appreciated, 


The vote of thanks was accorded with acclamation. 
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CONTINUOUSLY RECORDING OXIDATION APPARATUS FOR 
HYDROCARBON OILS* 


By D. G. CHILDS. 


SUMMARY 


An all-glass apparatus which will record continuously the oxygen uptake of an oxidizing oil sample has been 
developed, and its method of operation and use described. 


Oxygen is circulated continuously through the oxidizing sample at constant pressure and temperature, while 


volume decrements are recorded automatically. 


By a suitable choice of soluble catalyst concentration, the apparatus has been used successfully both for assessing 
the inherent oxidation stability of straight insulating oils and for comparing the performances of various anti- 


oxidants in insulating oil. 


INTRODUCTION 


Work on insulating oils in the past has shown that 
for the purposes of quality control where the desired 
properties of a commercial product are defined in a 
specification, oxidation tests of fixed duration are 
useful. The tests usually consist of comparing the 
extent of formation of sludge and/or acid with a speci- 
fied maximum after a test period of rigidly defined 
oxidizing conditions. However, if a new product is 
to be investigated, or a study of anti-oxidants to be 
made, some means of obtaining a continuous record 
of the course of oxidation of an oil sample is valuable. 
Part of the work on insulating oils in the Central 
Electricity Research Laboratories concerns the use of 
anti-oxidants, which function by delaying the onset 
of serious oxidation in an oil by a time known as the 
“induction period.”’ Successful use has been made 
of this induction period both here and elsewhere ! 
as a means of comparing inhibited oils using apparatus 
in which the induction period in oxygen absorption 
is determined under accelerated conditions. Measure- 
ment of this time by itself, however, gives only an 
indication of the efficacy of the anti-oxidant 2nd of 
the inhibitor response of the oil. It gives no informa- 
tion about the inherent oxidation stability of the base 
oil before treatment on any influence spent anti- 
oxidant may have on the course of the oxidation after 
the induction period. The apparatus described in 
the present paper was developed to obtain information 
on these points and to provide a test, complementary 
to the pressure oxidation test,? that would differen- 
tiate between uninhibited oils of different oxidation 
stability. 

Oxygen absorption lends itself well to continuous 
recording and is the first step in any oxidation process. 
It has been used by many workers in the past, both 
on insulating oils,)*45®7 and pure hydrocar- 
bons,® ® 1 11, 12 and recently correlation between the 
induction period in oxygen absorption in a laboratory 
test and the actual service performance of an insulat- 
ing oil has been reported.” 


* MS received 13 May 1955. 


The present paper describes a new apparatus which 
records continuously the oxygen uptake of an oxidiz- 
ing sample, and some of the results which have been 
obtained from its use on insulating oils. The appara- 
tus is fully automatic, fairly compact and has an all- 
glass gas system. 


BRIEF DESCRIPTION OF APPARATUS 


The continuously-recording oxidation apparatus is 
essentially a modified Dornte * apparatus. Oxygen 
is circulated continuously through the oil which is held 
at constant temperature in an oil bath. Decrements 
of pressure in the gas system, due to oxidation of the 
sample are made good by the upward movements of 
dibutyl phthalate in a gas burette which is arranged 
to maintain a constant average pressure. Thechanges 
in the liquid level in the gas burette with time are 
recorded automatically, and consequently, the appara- 
tus plots changes in volume at constant pressure. 


DETAILED DESCRIPTION OF APPARATUS 


Ceneral 


The apparatus, which is constructed entirely of 
Pyrex glass with standard ground-glass joints sealed 
with silicone high-vacuum grease, is shown diagram- 
matically in Fig 1. Figs 2 and 3 are photographs of 
the front and rear views of the assembly. The 
circuits of the ancillary electronic equipment are 
shown in Figs 4 and 5. 


Circulatory System 


The sample under test, together with any catalyst 
which may be added, is contained in a 250-ml conical 
flask (N, Fig 1), maintained at constant temperature 
in an oil bath which can be lowered to facilitate the 
removal of the reaction flask. The Liebig condenser 
(L), returns volatile oxidation products to the sample. 
An all-glass, double-acting, magnetic pump with glass 
ball valves (P), passes oxygen through a bubbler (Q) 
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CONTINUOUSLY RECORDING OXIDATION APPARATUS 


Fia 2 Fie 3 
CONTINUOUSLY RECORDING OXIDATION APPARATUS CONTINUOUSLY RECORDING OXIDATION APPARATUS 
(Front view) (Rear view) 
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and then into the sample through a “ gas lift dis- 
perser  (O). The bubbles of oxygen from the central 
delivery tube pass up the spiral outer tube carrying 
oil with them. This allows longer oxygen-oil contact, 
stirs the oil, and reduces diffusion effects. The gas 
then passes through the condenser to an absorption 
tube (K), containing silica gel backed with Anhydrone 
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CIRCUIT OF MANOSTAT RELAY Rl 


Ow 

Lie AC 

Yellow @3v ac 

Motor blue 


6-Core flexible 
Fia 5 


CIRCUIT OF PHOTO-ELECTRIC FOLLOWER R2 


(magnesium perchlorate) for the removal of water, 
and soda asbestos (Carbosorb) backed with Anhydrone 
for the absorption of carbon dioxide. The oxygen is 
subsequently returned to the pump for recirculation. 


Manostat Constant Pressure System 


The manostat used in the apparatus is based on 
that described by Bolland,’ and operates in the 
following manner. 

Initially, the apparatus is filled with oxygen to the 
working pressure and taps Tl, T3, and T6 of Fig | 
are closed. Taps T2, T4, and T5 are open. The 
manometer switch (A) contains ethylene glycol 
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saturated with potassium chloride, and this electro- 
lyte is balanced between the reference pressure of the 
gas contained between it and tap Tl on the one side 
and the pressure of the gas in the rest of the apparatus 
on the other. Any decrease in pressure in the circula- 
tory system, which is connected to the manostat 
system through a pressure-wave damping tube (J), 
results in a movement of the electrolyte in the mano- 
stat and the consequent operation of relay Ri. The 
latter controls the electrolysis of a saturated aqueous 
solution of oxalic acid in flask B, from which the 
carbon dioxide and hydrogen generated paas through 
a mist trap (D), and a silica gel drying tube (EK), to 
the gas burette reservoir (F). The increase in pres- 
sure in the reservoir forces the dibutyl phthalate 
which it contains into the limbs of the gas burette 
(G and H), restoring the pressure of the circulatory 
system to its average value and causing the contacts 
of the manostat, and thus relay RI, to open. This 
cycle of events is repeated continuously until the 
reservoir is empty and the gas burette full, which 
corresponds to a recorded volume of approximately 
litre, 


Recording Gas Burette 


The changes in the level of the dibutyl phthalate in 
the gas burette are followed photo-electrically. An 
opaque float in the narrower limb (GQ), interrupts a 
beam of light from a bulb mounted on a trolley which 
can move vertically along the length of the gas burette. 
Upward movements of the float allow the light beam 
to fall on to the cathode of a gas-filled photo-electric 
cell which controls relay R2. A slow-speed motor 
(M), operated by relay R2 drives the trolley upwards 
by means of a lead screw until the light beam is 
interrupted by the float, and the follower returns to 
its quiescent condition. 

A micro-switch, not shown in the figure, is so 
arranged that all 230-V supplies to the apparatus are 
disconnected when the trolley reaches the end of its 
traverse. When it is desired that the follower should 
remain inoperative, a removable cover may be placed 
over the light beam. The trolley drive mechanism is 
provided with a release so that it may be moved along 
its guides independently of the lead serew. The 
movements of the trolley are transmitted mechanically 
to a sliding pen-arm, writing on a chart driven by an 
electric clock (C), The ratio of this transmission is 
variable and allows the apparatus to be adjusted so 
that the full seale of the 6-inch chart corresponds to 
a change in level in the gas burette equivalent to | 
litre. 


OPERATING DETAILS 
Starting the Apparatus 
(a) Weigh 100 g of the oil sample to be tested with 
any catalyst which may be req.ired into a clean dry 
250-ml B24 conical flask, and connect this to the 
apparatus. 
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(b) Raise the oil bath into position. 

(c) Open the apparatus to the atmosphere by turn- 
ing tap T7 to the pump line with the pump discon- 
nected, and opening tap T6. 

(d) Open taps T1, T2, T3, T4, and T5. 

(e) Close tap T2. 

(f) Connect the vacuum pump to T7. 

(g) Evacuate the apparatus, and when evacuation 
is complete, turn tap T7 to fill the apparatus with 
oxygen to atmospheric pressure. 

(h) Repeat step (9). 

(1) Repeat step (g). 

(j) Open tap T2, 

(k) Readjust the pressure of oxygen in the appara- 
tus to atmospheric, if necessary. 

(1) Close taps T1, T3, and T6. 

(m) Switch on the manostat (SI, Fig 4). 

(n) Remove the cover from the light beam on the 
follower. 

(0) Adjust the pen-arm to zero on the chart. 

(p) Adjust the clock to the correct time, 

(q) Switch on the pump (S2, Fig 1). 

(r) Note the time of starting on the chart. 


Stopping the Apparatus 

(a) Switch off the pump (S82, Fig 1). 

(6) Cover the light beam of the follower. 

(c) Lower the follower trolley until the pen-arm is 
at zero on the chart. 

(d) Switch off the manostat (S1, Fig 4). 

(e) Open tap TI. 

(f) Carefully open tap T3 so that the liquid levels 
in the gas burette and reservoir slowly equalize, with- 
out drawing gas past the float. 

(g) Lower the oil bath. 

(h) Remove the reaction flask from the apparatus. 

(i) Close tap T2. 

(j) Remove the gas disperser tube and the Liebig 
condenser and wash both parts with chloroform 
followed by hot sulphuric acid—chromic acid mixture. 
After rinsing with copious hot water and distilled 
water dry in a hot air oven. 

(k) Replace the cleaned parts and seal the apparatus 
with a clean dry 250-ml conical flask. 


RESULTS OF INVESTIGATIONS 

Effect of Pumping Rate 

In order to determine whether the rate of oxidation 
of the sample under test would be limited by the rate 
at which oxygen could be supplied to the oil by the 
pump, tests were made in which the oxygen pumping 
rate was varied. The results of these tests are shown 
in Table I. These show that above 2-5 c.p.s., an in- 
crease in pumping rate has no effect on the rate of 
oxidation of even a Class A oil containing a high 
catalyst concentration, Accordingly, a pumping rate 
of 2°75 ¢.p.s. was chosen as standard for the rest of 
the work described. 
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Tassie | 


Oxygen absorption 
rate ml/100 g/hr at 
‘ pumping rate * of ; 
Sample under test 


2-0 25 | 


C.p.8. | | 


Class A f oil with 100 p.p.m, Cu ¢ 85 
Class B ¢ oil with 100 p.p.m. Cu ¢ 


112 


85 | 107 


* The rate of pumping was noted in terms of the frequency 
of the magnetic pump in c.p.s. 

+t Class A and B oils complying with BS 148 ; 1933. 

{ The copper catalyst was added in the form of a solution 
of copper naphthenate in transformer oil. 


Effect of Catalyst Concentration 


In order to choose the optimum catalyst concentra- 
tion for the differentiation of base oils of different 
oxidation stability, a number of tests was carried out 
with a series of experimental oils, which had previously 
been used for similar work * using the high-pressure 


OXYGEN ABSORPTION 


TIME, HOURS 
Fie 6 
OXYGEN ABSORPTION CURVES OF EIO NO, 1 WITH INCREASING 
CONCENTRATION OF SOLUBLE COPPER CATALYST 


oxidation test. The four experimental insulating oils 
(KEIO) were made available by the Thornton Research 
Centre of the Shell Petroleum Co. Ltd. and are 
described as follows : 


(1) Experimental insulating oil No. 1. The 
solvent refined feedstock from which transformer 
oils are normally produced by further oleum and 
earth treatment. 

(2) Experimental insulating oil No. 4. A nor- 
mal type of transformer oil. 

(3) Experimental insulating oil No. 5. A nor- 
mal type of transformer oil of higher aromatic 
content than No. 4. 

(4) Experimental insulating oil No.6. A tech- 
nical white oil produced by heavy oleum treat- 
ment of a solvent refined stock. 


The oils were oxidized in the apparatus, each with 
a series of increasing catalyst concentrations at a test 
temperature of 120°C. The catalyst used throughout 
these experiments was copper naphthenate containing 


: 


6-8 per cent copper, which was added in the form of 
a concentrated solution in transformer oil to give a 
resulting concentration in the test sample which has 
been expressed as parts of copper per million parts 
of oil. The families of oxygen absorption curves 
obtained from these tests are shown in Figs 6, 7, 8, 
and 9. 


OXYGEN ABSORBED ™m 1/100g 


TIME, HOURS 


Fie 7 


OXYGEN ABSORPTION CURVES OF EIO NO, 4 WITH INCREASING 
CONCENTRATION OF SOLUBLE COPPER CATALYST 
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Fie 8 


OXYGEN ABSORPTION CURVES OF EIO NO. 5 WITH INCREASING 
CONCENTRATION OF SOLUBLE COPPER CATALYST 


Effect of Degree of Refinement 


By comparing the recordings from the experiments 
described in the previous section for any one catalyst 
concentration, the effect of the base oil on the shape 
of the oxygen absorption curve obtained may be seen. 
Figs 10, 11, and 12 compare the traces obtained with 
the various experimental] oils with catalyst concentra- 
tions of 5, 10, and 20 p.p.m. 


APPARATUS FOR HYDROCARBON OILS 


- 


OXYGEN ABSORPTION mi/100g 


™ 


TIME , HOURS 
Fia 9 


OXYGEN ABSORPTION CURVES OF EIO NO. 6 WITH INCREASING 
CONCENTRATION OF SOLUBLE COPPER CATALYST 
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OXYGEN ABSORPTION CURVES OF THE EXPERIMENTAL OILS 
COPPER 


WITH A CATALYST CONCENTRATION OF 5 P.P.M. 


OXYGEN ABSORBED mi/mog 


TIME, HOURS 
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OXYGEN ABSORPTION CURVES OF THE EXPERIMENTAL OILS 
WITH A CATALYST CONCENTRATION OF 10 P.P.M. COPPER 
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OXYGEN ABSORBED / Og 


HOURS 


Fia 12 
OXYGEN ABSORPTION CURVES OF THE EXPERIMENTAL OILS 
WITH A CATALYST CONCENTRATION OF 20 P.P.M, COPPER 


Comparison of Uninhibited Oils 

From the figures described in the foregoing section 
it can be seen that the best differentiation between 
base oils of different stability was obtained with a 
catalyst concentration of 5 p.p.m. copper. Accord- 
ingly, in order to establish a basis for comparison for 
future use with oils of unknown oxidation stability, 
a series of oxidations was carried out on the following 
transformer oils, using this catalyst concentration. 
A.30 oil A (1944) 


Time 


Experimental oil refined to comply with 
BS 148 ; 1933 Class A.30. 

BS 148; 1951 oil A) Normal transformer oils refined to 

BS 148; 1951 oil B comply with BS 148 ; 1951 by various 

BS 148; 1951 oil C manufacturers, 

8.30 oil D (1944) . Experimental oil refined to comply with 

38 148; 1933 Class B.30. 


The results obtained are shown in Fig 13. 


The Testing of Inhibited Oils 


Former work on inhibited oils using the static 
oxygen-absorption method for the measurement of 
induction period both by Beaven et al! and by the 
author has shown that at a test temperature of 120° C, 
a catalyst concentration of 100 p.p.m. of ‘copper is 
very suitable for providing a comparative test of short 
duration. Accordingly, this catalyst concentration 
was chosen for testing inhibited oils with the con- 
tinuously-recording apparatus. 

The curves obtained with inhibited oils fell into two 
main classes : 


(a) Those in which the extent of oxygen absorp- 
tion at the start of, and during the induction 
period, was relatively small and in which the end 
of the induction period occurred at a point corre- 
sponding to an oxygen absorption of about 50 
ml/100 g oil. 

(b) Those in which the initial oxygen absorption 
was relatively much greater, and the end of the 
induction period occurred at points corresponding 
to oxygen absorptions in the range 100-200 
ml/100 g oil. 


The oils giving a curve of the first type were usually 
those containing anti-oxidants of the secondary amine 
type, while those oils giving curves in the second 
category contained anti-oxidants of the hindered 
phenol type. 

Fig 14 shows this effect clearly. The oxygen 
absorption curves are those of the same base oil, alone, 


BS 146: 196! B. 


BS 46° 195i OIL C. 


OXYGEN ABSORBED mi/ 100 


TIME, HOURS 
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OXYGEN ABSORPTION CURVES OF TRANSFORMER OILS WITH A CATALYST CONCENTRATION 
or 5 P.P.M, COPPER 
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OXYGEN ABSORPTION CURVES OF INHIBITED TRANSFORMER 
OILS WITH A CATALYST CONCENTRATION OF 100 P.P.M. 
COPPER (0:25 PER CENT ANTI-OXIDANT) 


and containing 0-25 per cent of four different anti- 


oxidants. The anti-oxidants are : 

PAN Pheny]-«-naphthylamine. 

PBN. 

24M6B . 

4M26B . 4-Methy1-2,6-ditert-butyl-phenol (D.B.P.C.). 


OBSERVATIONS ON RESULTS 


The results indicate that in testing an oil with the 
continuously-recording apparatus, the choice of cata- 
lyst concentration depends on the nature of the oil 
under test. For oils containing no additives, and for 
which an indication of the inherent oxidation stability 
is required, a low catalyst concentration around 5 
p.p.m. copper, is most suitable. In the case of oils 
containing anti-oxidants, where the oxidation must 
be sufficiently accelerated to provide a test of reason- 
ably short duration, a higher catalyst concentration 
is more suitable. A value of 100 p.p.m. copper has 
been found by means of the static oxidation method 
to be sufficiently higher than the critical value above 
which the induction period is not appreciably short- 
ened, and gives induction periods of up to 30 hr with 
this apparatus. Since many induction period values 
had been obtained with this catalyst concentration it 
was adopted for the work described. All the inhibited 
oils tested in this way showed induction periods, and 
none gave a greater oxygen absorption rate after the 
induction period than the rate given by the correspond- 
ing untreated base oil. 
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CONCLUSIONS 


By choosing the catalyst concentration to suit the 
oil under test, the continuously-recording apparatus 
may be used for assessing either the oxidation stability 
of non-inhibited oil or the performance of oil contain- 
ing anti-oxidant. 

Under the conditions used for testing inhibited oils, 
spent anti-oxidant did not give rise to oxygen absorp- 
tion rates after the induction period greater than those 
obtained with the corresponding base oils. 
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EVALUATION OF GREASES FOR BALL- AND ROLLER-BEARINGS 
AT LOW TEMPERATURES * 


By J. W. PEARSON ¢ 


SUMMARY 


An apparatus has been developed that may be used for measurements at constant shear stress or constant rate 


of shear on 
may be made. 


rease in bearings at low temperatures. Measurements of starting, breakaway, and running torques 
The apparatus employs a liquid cold bath for rapid cooling, and provision is made for thrust 


loading to minimize skidding of the balls of the test bearing, so reducing some anomalies in results observed 


hitherto with other low-temperature torque equipment. 
{ with the new apparatus a method is a which promises to 


For the interpretation of measurements mac 


reduce the variations in assessed low-temperature properties due to considerable 


ifferences in test bearings. 


However, a method of interpretation already in use gives equally good results if the test bearings are specially 


selected. 


INTRODUCTION 


Arporart have had to meet low-temperature con- 
ditions of ever-increasing severity in developing 
all-weather operation, and Arctic and high altitude 
flying; failures have often been attributed to the use 
of unsuitable greases. Hence, low-temperature re- 
quirements and tests were introduced into the relevant 
specifications of aviation greases, The tests included 
penetration measurements at low temperatures | * and 
the shearing of the greases in a ball and socket appara- 
tus,® but both types of test were rather unsatisfactory. 
In 1942-43 the U.S. services introduced a low-tempera- 
ture test in which the test piece was a ball-bearing of 
the type commonly used in aircraft;4 with minor 
modifications the test still appears in current U.S. 
specifications.® A simplified form of the apparatus, 
employing the same test bearings, was adopted in 1944 
by the British authorities ® and this test also appears 
in current specifications.” 

Work at “Shell” laboratories showed that the 
British apparatus and test procedure could produce 
some anomalous results. Unexpectedly low results 
sometimes observed were thought to be associated 
with “ skidding ’’ of the balls of the bearing on the 
tracks, i.¢. instead of the mainly rolling motion norm- 
ally occurring there was much more sliding than usual. 
This view was supported by visual observation of the 
relative motion of the cage and races under the test 
conditions. 

No cognizance was taken of skidding by the U.S, or 
the British services’ low-temperature torque tests, but 
the Co-ordinating Research Council (CRC) * ® and 
the joint committee of the Annular Bearing Engineers 
Committee /National Lubricating Grease Institute 
(ABEC/NLGI) recognized skidding as a possible 
contributor to variability of results, and they ad- 
vocated the use of a 5-lb thrust pre-load on the test 
bearing to reduce this effect. The British apparatus 
was adaptable to the application of a radial load for 
reducing the tendency to skid, but not, without 


major modifications, to the more desirable thrust ! 
loading. (In a ball-journal bearing subjected solely ° 


* MS received 20 August 1954. 


Shell Research Limited, Thornton Research Centre. 


to thrust load each ball will carry an equal load, but 
since the axes of the ball loads are offset to the axis of 
the applied load the average ball loading is greater 
than under the same radial load; hence, there is less 
possibility of skidding under a thrust load than under 
the same radial load.) 

Moreover, the British apparatus was not readily 
adaptable for measurements at a constant rate of 
shear (in contrast to measurements at a constant 
shear stress as in the British and U.S. grease specifica- 
tion tests); a constant rate of shear is a better basis 
for assessing torque requirements for grease-lubricated 
bearings in aircraft.',12 A further disadvantage of 
the British apparatus had been found by the IP 
Mechanical Tests of Greases Panel, who showed that 
test bearings, even when procured from one manu- 
facturer, could give widely different results for the 
time of one revolution when using a given grease under 
standard conditions. 

Since the British apparatus was not adaptable, a 
critical review was made of commonly used equipment 
for determining the low-temperature characteristics of 
greases, The object was to select the most satis- 
factory apparatus or to design an apparatus incorpor- 
ating the best features of the existing equipment. As 
a result of the survey it was decided to design a new 
apparatus to satisfy the following criteria : 


(1) The apparatus should employ only the test 
bearing most commonly used in such tests, 
namely a ball bearing of 20 mm bore, 47 mm 
overall diameter, and 14 mm width (BRL 020). 
This restriction would simplify the construction 
and operation of the apparatus. 

(2) The design should allow of thrust-loading 
the test bearing with a definite load transmitted 
directly to the bearing in order to reduce skidding. 
It should be possible to change the load during a 
test. 

(3) The test bearing temperature should be 
measured by thermocouples. 

(4) The cooling medium should be a liquid, thus 
increasing the rate of heat transfer and reducing 
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the time required for cooling. Use of the existing 
cold bath of the DTD apparatus would be 
advantageous and should be attempted. 

(5) The apparatus should be suitable for 
measurements at constant shear stress or at con- 
stant rate of shear, and should be adapted to the 
measurement of starting torques and breakaway 
torques |! 15, 4 as well as running torques. 


EXPERIMENTAL 


Fig 1 shows diagrammatically the lay-out of the 
apparatus. The test bearing is mounted at the bottom 
of a vertical spindle supported at the top by a parallel 
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roller bearing without lips on the outer race. Thus, 
the test bearing may be thrust-loaded by applying 
weights to the top of the spindle, and this load, which 
may be readily varied during tests, is transmitted 
without appreciable loss through the roller bearing 


direct to the test bearing. This method of loading is 
restricted to a maximum of about 30 lb. For higher 
loads a slightly modified top was designed for the 
spindle, which then uses spring loading. The modified 
top, Fig 2, is easily attached to the normal apparatus 
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and may be used for loads up to about 1000 lb. The 
lower end of the housing is closed by a liquid-tight 
cover. The dimensions are such that the DTD cold. 
bath may be used. The mean bearing temperature is 


Fic 2 
DIAGRAM OF MODIFIED TOP FOR SPRING LOADING 
measured by two thermo-couples connected in series, 
one of which is spring-loaded against the outer race of 
the bearing while the other floats in the air gap just 
above the cage of the bearing. A close approximation 
to the actual grease temperature should thus be 
obtained. 

For measurements under constant shearing stress, 
the torque is applied by a cord, wrapped round the 
spindle pulley, which passes over an idler pulley 
mounted on the cabinet surrounding the cold bath. 
The required load is attached to the end of the cord. 

For measurements at a constant rate of shear the 
cord from the spindle pulley is passed over a movable 
pulley assembly, which includes a spring balance, to a 
constant-speed motor. An alternative procedure in 
which the spring balance was replaced by a cantilever 
bar, the deflection of which was measured by a clock 
indicator, was tried but measurements were not so 
accurate owing to hysteresis in the deflection of the 
bar. The use of strain gauges in conjunction with the 
cantilever bar was considered, but such complica- 
tions in a measuring apparatus would outweigh the 
advantages, 


PROCEDURES AND RESULTS 


(a) Measurements at Constant Shear Stress. Pre- 
liminary work was directed to the comparison of 
results using the “ Shell” apparatus, without added 
thrust load, with those using the British DTD appara- 
tus, under conditions of constant shearing stress at an 
applied torque of 2000 g.cm. The detailed procedure 
followed that given in DTD specifications using the 
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DTD apparatus, e.g. DTD 577. As may be seen from 
Table I the “ Shell ” apparatus gave results lower than 
the DTD apparatus, and there was no indication that 
the “ Shell’ apparatus reduced the effect on the test 
results of differences in test bearings. 

(b) Running Torque at Constant Rate of Shear. In 
view of earlier experience with the British apparatus 
and the published criticisms of measurements under 
constant shearing stress, attention was directed to 
measurements of running torque at a constant rate 
of shear. The method of measurement finally adopted 
is given in the Appendix. Again, most of the work 
reported was done in the absence of additional thrust 
loads. 

It may be noted in the procedure that steps are 
taken to “run in” at room temperature in order to 
reduce the amount of rotation, at the test temperature, 
required to reach a steady indication of the running 
torque. This is also facilitated by ‘“ winding back ”’ 
between each test temperature, It may also be seen 
that the test bearing is cooled slowly but is not 
maintained at the test temperature for prolonged 
periods, thus reducing the time required to take 
measurements over a range of temperatures. It was 
shown experimentally that results obtained in this 
way did not differ from those recorded after maintain- 
ing the bearing at the test temperature for periods up 
to 2 hr. 

TasLe I 


Comparisons of Results with British Specification (DTD) and 
“ Shell’ Apparatuses at Constant Torque (2000 g.cm) 


Mean time of revolution, sec 


Bearin British (DTD 
Grease No. apparatus ) Shell apparatus 
Tost 1 | Tost 2 | Tost 1 | Tost 2 

A I 305 | 343 223 | 21 

2 233) | (175 118 | 

3 15-8 14-2 84 | 
B i 74 6-0 37 | 20 

2 34 | 40 Mat 


The types of curves obtained, which are plotted as a 
compound function of torque and speed of rotation 
(torque-rate ratio) against temperature, are shown in 
Fig 3. 

(c) Starting Torque and Breakaway Torque. As 
arranged for measurements at constant rate of shear 
the apparatus may also be used for the determination 
of starting and breakaway torques, Starting torque 
is defined a8 the torque required just to initiate move- 
ment of the bearing, while breakaway torque is the 
torque required to accelerate the bearing to a given 
speed of rotation. These measurements may be made 
in a variety of ways. Thus, a bearing may be packed 
with grease at room temperature and cooled to the test 
temperature without prior rotation. Alternatively, 
the packed bearing may be ‘‘ run in ’’ at room tempera- 
ture prior to cooling ; this procedure should give results 
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which are more repeatable but it may be less related 
to service conditions. In either case, the bearing is 
not moved during cooling and the motor is switched on 
when the test temperature is reached. The starting 
torque is noted when the spindle just moves and the 
breakaway torque, at the speed of rotation used, is 


cunve 
(S BEARINGS) 
© “ABNORMAL” CURVE 


TORQUE-RATE RATIO, inch onsex 


Fie 3 
ABNORMAL "' RUNNING TORQUE CURVES 


TYPICAL AND 
recorded as the maximum torque reading. This figure 
is to some degree dependent on the extension charac- 
teristics of the torque measuring system used because 
movement of the bearing may proceed to quite a 
marked extent before the maximum reading is reached. 
Thus the cantilever-bar-dial gauge system showed 
less extension for a given load and is probably more 
suited to these measurements than the spring balance 
system, although, as previously stated, it is less precise. 

(d) Investigation of Skidding Using the “ Shell” 
Apparatus. The elimination or reduction of ‘ skid- 
ding ’’ was one criterion of the design of a new appara- 
tus. As an indication of success in this aim, it was 
noticed that with a particular combination of grease 
and bearing the torque characteristics increased less 
with decreasing temperature than expected from tests 
on the grease in other bearings (Fig 3). It was found 
that loading the test bearing by suitable weights 
placed on the spindle gave results more in line with 
those from the other bearings. This grease—bearing 
combination was therefore examined by mounting 
the apparatus in a cold chamber in such a way that the 
test bearing could be observed. The movement of the 
cage corresponding to one revolution of the inner race 
was measured at different temperatures, the rate 
of rotation of the spindle being 2 r.p.m., with the 
results in Table II, When the bearing was loaded with 
a weight of 15 lb the cage movement relative to the 
inner race was normal, showing that the skidding 
which occurred in the unloaded state had been 
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Tasie II 
Visual Observations on Skidding with One Grease and Bearing 


Cage movement per revolution of inner 
| race in 32nds of a revolution 
(Theoretical value ; 12-5) 


Temperature 


+15°C Slightly > 

—15°C | Slightly 

—20°C 10 
25° C 

~ 30° 

—30°C* | 


8 
Slightly 


* Bearing loaded to about 15 lb. 
The bearing used was fitted with a machined cage centred 
on the shoulders of the inner race and contained eight balls. 


virtually eliminated. Under these loaded conditions 
the torque-rate ratio-temperature curve for the 
bearing approximated to those obtained using other 
bearings. 

Figs 4-10 represent torque-rate ratio curves 
measured on two greases using a set of seven different 
test bearings from the same source. Examination of 
the shapes of the curves obtained without additional 
thrust load suggests that in only two cases was skid- 
ding occurring to a great extent. These were in the 
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| ~ NO 


TORQUE RATE RATIO. 
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EFFECT OF TEMPERATURE ON 
Bearing 21 


RUNNING TORQUE 


GREASE | NO LOAD 


2 ~ LOAD 


GREASE - LOAD 


Fia 7 
EFFECT OF TEMPERATURE ON RUNNING TORQUE 
Bearing 35 


TORQUE-RATE RATIO, 


Me 
Fia 8 
EFFECT OF TEMPERATURE ON RUNNING TORQUE 
Bearing 37 


two tests with bearing 3 on Grease 2. When 10-lb load 
was applied to the test bearing the curves approxi- 
mated more closely to those obtained with the other 
bearings, suggesting that skidding had been reduced. 
It is interesting to note that, of the series, bearing 3 
showed the greatest diametric slackness, a character- 
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GMAM 2 ~ LOAD 


o 
Fia 10 
BFFECT OF TEMPERATURE ON RUNNING TORQUE 
Bearing 47 


istic which would be expected to lead to increased 
skidding. 


DISCUSSION 

Skidding 

One principal consideration in the design of the new 
apparatus was the reduction of skidding, and the 
results quoted have shown that this aim has been 
achieved, It has also been found that other factors 
may be responsible for the fluctuations in torque- 
readings which were thought initially to be attribut- 
able to skidding. One such factor is the presence of 
tight spots in the test bearing. These may not be 
detectable at room temperature but become apparent, 
at lower temperature, as high torque readings at the 
same positions in each revolution of the spindle. 
Although this effect is undesirable, it does not render 
the bearing entirely unsuitable for tests under no 
applied load if there is only one such tight spot, when it 
is usually possible to obtain a steady reading during 
part of the revolution. Should there be more than 
one such spot, or should measurements be made under 
dead load when the torque variations are magnified by 
the “ flywheel ’’ (inertia) effect of the weights, such 
bearings must be rejected. 
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When testing certain types of greases, fluctuations 
of torque reading may occur in normally satisfactory 
bearings and cannot be eliminated by loading the 
bearing even with loads up to about 1000 lb. Under 
such thrust loads it was thought unlikely that skidding 
of the balls could occur, and one such system was 
therefore examined in a cold chamber. It was 
observed that even when the torque was fluctuating 
the movement of the cage relative to the inner race 
was the same as with steady torque readings at room 
temperature, indicating that “ skidding’’ was not 
occurring. This particular phenomenon is normally 
found with greases based on oils which show “ crystall- 
ization’ Pour Points rather than “ viscosity ’’ Pour 
Points, for example, waxy oil or synthetic oils showing 
“ Setting Points.” Non-fluctuating torques are found 
with these materials down to temperatures somewhat 
below the Pour (or Setting) Point of the base fluid, but 
the temperature at which fluctuating torques com- 
mence does not appear to bear a direct relationship to 
this Pour or Setting Point. It is probable that the 
fluctuations in torque result from the intermittent 
resistance to the rolling of the balls caused by the 
presence of small areas of hardened grease on the 
tracks. 


Interpretation of Results 


It has been stated that the times for rotation, at 
constant shear stress, with a given grease may vary 
considerably when using different test bearings in both 
the British DTD and “Shell” apparatuses, thus 
leading to an apparent variation in the assessment 
of the low-temperature suitability of a grease. 

Considerable variation in the magnitude of the re- 
sults has also been obtained with different bearings 
when used for the determination of running torques 
on a grease in the “ Shell’ apparatus. This variation 
has been observed particularly when bearings made by 
different manufacturers have been examined. An 
extreme case of such variation is illustrated in Fig 11, 
where two bearings of different manufacture were used 
to examine Grease 3. Hence, if, as is sometimes done, 
the minimum service temperature is defined as that 


BEARING LOAD 
@ MARING LOAD 


TeMPERATURE, “C 
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Taste III 
Minimum Operating Temperature (° C)—Teats at 2 r.p.m., 


Method of assessment 


Test 1 Test 2 Test 1 Test 2 


| | 


| 


| | 
| Operator Operator | Operator | Operator 
x xX 


| 


Operator | Operator | Operator | Operator 
xX Y x 


} | 
1 


Grease 1—without additional load 


Mean 


Overall mean . é 
Overall range. ° | —22 to —29 


Grease 2—without additional load 
71 - < 
62 
67 
63 


Mean 


Overall mean (excluding bearing 3) 
Overall range (excluding bearing 3) 


Mean ‘ . 6 | ‘5 | —53-9 | 
Overall mean . ‘ A ‘ — 53-9 
Overall range . 62-5 to — 585 


Grease 3—without additional load 


Operator X Operator Y Operator X | Operator Y 


Approx +12 


Approx +12 9 
—9 —8 


at which the torque function reaches a given value  sec/radian * be selected as the arbitrary value, then 
(Method (a) of Table ITI), the assessment is dependent the data of Fig 11 give minimum service temperatures 
on the test bearing used and poor repeatability results. of +10° to +15° C for bearing 100 and —8° C for 
As an example, if a torque-rate ratio of 30 in oz. bearing 101, a wide variation. 


* This has been chosen following an examination of approximately to a low-temperature torque time in the DTD 
greases meeting various specifications and corresponds apparatus of 5 sec at the minimum service temperature. 
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19 | —23 | —33 | -33 | 19 —17 19 15 
21 | | —33 | is 
35 —26 — 26 —39 | | —186 -is | | 
37 24 ~24 | —26-5 | —26 18-5 -20 | -19 | 
43 — 26-5 —25 | —238 | -28 | —19 —195 | -20 | —18 
47 | | -26 | | | -19 | -19 | | —20 ; 
| | | 
| 
to —21 
3 | -70 | | | | —86 
19 | | | —53 
21 | —61-5 | 61 | 
35 | | —60 | 63 —50 
37 | -665 | | -—69 | —69 60 625 | —635 | —60 
43 64 | 58 | -6 | 
47 | 615 | | —625 | —62 | ~ 60 | | -6 | 
} | | 
| 
~57 to —69 —50 to — 63-5 
Grease 2—with 10 lb load s 
3 | —57 | —56 57 | | —8? | | 
19 —53 | —535 | —58 585 | —506 | —51 | 515 
21 | | 54:5 | 55 50 | 50 52 
35 | | | —625 | | —55 | —575 | —585 54 
37 | | —55-5 57 | | | | 53 3 
43 — | 
101 | 


An empirical method of assessment (Method (b) of 
Table III), which might be expected to be less depend- 
ent on bearing geometry than the method (a), is based 
on the rate at which the torque function increases with 
decrease in temperature. The minimum service 
temperature is taken as that point on the torque- 
function—temperature curve at which the torque has 
tripled over an interval of 20° C. When applied to the 
data of Fig 11 Method (6) gives minimum service 
temperatures of —9° C for bearing 100 and —8° C for 
bearing 101, representing a considerable improvement 
in repeatability. 

A possible flaw in Method (b), however, is that the 
assessment will be more dependent on the shape of the 
curve drawn through the experimental resuits than 
with Method (a), Some indication of this effect may be 
obtained from the data tabulated in Table III, where 
the results given in Figs 5-11 have been analysed by 
two operators, X and Y, using Methods (a) and (b). 
There is an indication, especially in the case of the 
tests without added load, that Operator X constructs 
more “ idealized ” curves than Operator Y. 

It is also apparent from the results with this series of 
bearings, which were all supplied by one manufacturer, 
that Methods (a) and (b) give assessments showing 
approximately the same degree of variation. If there- 
fore it is possible to select test bearings either by 
taking supplies from one source or by measuring some 
particular characteristic of the bearings, then the use 
of Method () for assessing low-temperature character- 
istics will offer no advantage in precision over Method 
(a). With unselected bearings there may be an advan- 
tage in precision by using Method (b). Some form of 
co-operative work is, however, desirable to evaluate 
fully both the “ Shell” apparatus and the proposed 
method of assessing minimum operating temperatures, 
and such work is under consideration by the IP 
Mechanical Tests of Greases Panel. 
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APPENDIX 


The Determination of Running Torques Using the “* Shell” 
Apparatus 


The test bearing shall be cleaned by the use of suitable 
solvents and then weighed to within 0-1 g. A metal collar 
which is an easy fit on the outside diameter of the bearing 
shall be rested on a flat glass or metal plate, and the bottom 
of the space so formed shall be covered with the test grease to 
a depth of about } inch. The bore of the test bearing shall 
be closed by means of a cork and the bearing pushed into the 
collar while the inner race is rotated slowly by hand, thus 
distributing the grease over the surfaces of the bearing. The 
test bearing shall be removed from the collar, the external 
surfaces of the bearing wiped free of grease, and the grease 
charge adjusted to 3 4 0-1 g. 

The bearing shall be mounted in the test apparatus and 
secured in position by the locking ring on the outer race and 
the face plate and nut on the inner race. Care shall be taken 
during mounting to ensure that the thermocouples are 
correctly located, namely one in contact with the face of the 
outer race of the bearing and the other floating in the air gap 
above the cage but not in contact with any metal. The 
liquid-tight cover shall be screwed in ‘tg weer after smearing 
the rubber sealing ring with a suitable lubricant. The test 
spindle shall be rotated one hundred times in each direction 
and immersed in the alcohol cold bath at room temperature. 
The pulley shall be mounted on the spindle and the thread 
from the constant-speed drive wound round the pulley at 
least four times in such a way that the turns do not overlap. 
Any desired load is then applied to the spindle by mounting 
annular-shaped weights above the pulley. 

Powdered solid carbon dioxide shall be added to the alcohol 
bath, which is agitated by bubbling dry air, and the tempera- 
ture of the bath, measured by a suitable thermometer im- 
mersed therein, reduced to a level approx 2° 0 below that at 
which the first measurement is to be made. This results in a 
relatively slow rate of cooling of the bearing so that a measure- 
ment may be made as soon as the bearing reaches the desired 
temperature without the necessity of soaking for prolonged 
periods. The measurement shall be made by starting the 
constant speed motor and recording the steady reading of the 
spring balance after two revolutions of the ae. The 
motor shall then be reversed and the spindle slow y rotated by 
hand in the reverse direction until the original position is 
approximately reached. ‘The motor shall be switched off, the 
bath temperature reduced to about 2° C below the next test 
temperature and the measurements repeated. Measurements 
shall be repeated at successively reduced temperatures until 
the desired temperature range has been covered or until the 
torque requirement becomes excessive, i.e. exceeds the range 
of available spring balances or a previously selected value. 


Calculation of Results 


The results shall be re 


rted as torque-rate ratios at the 
test speed and shall be 


culated as follows : 
Torque-rate ratio = = 


where L is the spring balance reading; d is the effective pulley 
diameter on the spindle; n is the spindle speed in r.p.m.; 


L and d being in ounces and inches respectively, the torque- 
rate ratio is reported as 


“inch ounce sec/radian.”’ 
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“* Newallastic ’’ bolts and studs have qualities which are absolutely unique. 
They have been tested by every known device, and have been proved to 
be stronger and more resistant to fatigue than bolts or studs made by 


the usual method. 


Whe, 


Kenyon 


From pistons to jets, from jets to. . . who knows ? 
Within the next hundred yeats science may have 
harnessed an inexhaustible power capable of driving 
aircraft and space ships at speeds hitherto 
undreamed of. Interplanetary travel will then be a 


reality ... 


But meantime, coal and oil will remain our greatest 
source of power, a diminishing source, to be 
used with the greatest economy. Every year that 
passes, until that “golden age’? will necessitate 
a stricter economy in the use of fuel and more need 
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The new vacuum 
pipestill unit at Fawley 
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Preparing to raise the domed head : The final assembly in progress 


Recent further installation work by Messrs. Foster Wheeler Limited at the Esso Petroleum Company’s 
new gigantic refinery at Fawley, Hants, includes this 95-foot tower of stainless clad steel fabricated to 
the stringent AP] ASME Code and subjected to spot x-ray examination, all connections being 
Magnaflux tested. 

In all this work Fleetweld 5 and Multiweld electrodes, with Lincoln machines, were used exclusively. 


weiders in the United Kingdom 


LINCOLN ELECTRIC CO LTD WELWYN GARDEN CITY: HERTS - WELWYN GARDEN 920 
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FLEX FEATHERWEIGHT 


For extreme lightness and ease of handling there’s 
nothing to compare with this all-purpose flexible which 
is one of a new range of suction and delivery hoses based 
on Compofiex principles. New combinations of synthetic 
materials have been used for the walls, together with 
an entirely new method of bonding and curing by heat 
treatment. 

As a result, the FEATHERWEIGHT combines unusual 


lightness, great strength and flexibility, with improved 
durability and crush-resistance. It can also handle a 
wider variety of chemicals, including pure Benzoles, 
petroleum and oils, and is the ideal hose for road, rail 
and similar tank haulage work. 


The FEATHERWEIGHT, which costs the same as 
the well-known standard OILMASTER, can be 
supplied in lengths up to 30 ft. with 1-in. to 4-in. 
bores. Alternative linings can be supplied at 
extra cost for special purposes. 


For corrosive and abrasive conditions. Two new 
SMOOTH BORE hoses are available. The 
‘LOWMASTER has a completely embedded spiral 


TANK HAULAGE 
OPERATORS SAY:- 


so that the metal cannot be attacked by the 
flowant. In the BANTAM, the spiral is flush with 
the inner surface, giving the lightest possible 
smooth bore hose. 


For ertra-heavy duty, Still stronger and tougher 
but lightweight Bargemaster and Jettymaster 
hoses are recommended for barge, ocean terminal 
and similar work. (6 and 8 bores). 


Typical Weights and Working Pressures 


14. Weight Bend Working 
per foot Radius Pressure 


vr IT’S HALF THE WE{GHT OF ANY OTHER HOSE 
¥r IT’S EASY TO HANDLE 
* IT’S TOUGH AND FLEXIBLE 


Inches Lbs. Inches Lbs. P.S.1. 


If you have a ‘ flexible’ problem, 
you'll find the answer at Compofiex 


The lightest | ; 
A 
3 
co 
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IN THE OIL WORLD 


“That’s good, it’s an M-V Motor” 


Oil wells and refineries throughout the world rely on 
M-V electrical equipment. ‘Metrovick’ experience of 
motors and their proper application covers all drives 
in the oil industry, from drilling to refining. Site 
engineers well know how M-V electrical equip- 


ment brings their complex plant into active life. 


250 h.p. Type FS Motor. 


ieee Motors for all Industrial Drives 
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A pressure roof which halves breathing losses in 
temperate climates is basic to the new range 

of Whessoe standard tanks. This fixed roof is 
designed for breather valve settings from 

8” w.g. pressure to 24” w.g. vacuum. Pressurecone 
roof tanks are also available with settings around 
20° w.g. pressure. 

The Whessoe tank, generally in line with B.S.1. and 
A.P.L. requirements, normally has a butt-welded 
shell. Lap-welding is available as an alternative on 
tanks under 40-ft. diameter. 

Details and capacities of this new range and of the 
range of horizontal tanks Whessoe manufacture 
are given in WHESSOE PUBLICATION No. 64. 
Write for a copy now. 


WHESSOE LIMITED DARLINGTON & LONDON 


Telephone Darlington 5315 London Office: 25 Victoria Street, London, S.W.1 Telephone Abbey 388! 
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BROTHERHOOD 


STEAM TURBINES 
FOR DRIVING PUMPS, ETC. 


Wide range—All types. 


Over 40 years’ experience. 
Hundreds in hand— 


thousands in service. 


BROTHERHOOD 
STEAM ENGINES 


High Speed Vertical up to 
500 B.H.P. 

Many in hand and 
hundreds in service. 


BROTHERHOOD 


COMPRESSORS 


Air, GasandRefrigerating. 


The widest range in the 
British Empire—made tosuit 
your requirements. 

Thousands in service. 


BROTHERHOOD 
REFRIGERATING PLANT 


Ammonia, CO,, Freon, SO,, 

Methy! Chloride. Wide range 
» —single and double acting— 
") one or more stages. 

Made to measure for 

special duties. 


‘2 


BROTHERHOOD 
GENERATING SETS 


Turbine driven up to 


11,000 kw. 
Engine driven up to 340 kw. 
Scores in hand, hundreds 
in service. 


also Manufacturers of all kinds of 
PLANT TO CUSTOMERS’ OWN DESIGNS 


WHY NOT SEND YOUR PROBLEMS TO US? 
We shall be pleased to investigate them confidentially 
without 


COMPRESSOR POWER PiANT SPECIALISTS FOR NEARLY ry CENTURY 


Significance 
of Properties of 
Petroleum Products 


Gives information and guidance as to the 

meaning to be placed on figures obtained as 

the result of submitting a petroleum product 
to a standard test. 


74 pages 


Price 7s. 6d. post free 


Obtainable from 


The Institute of Petroleum 
26 Portland Place, London, W.1. 


The Role of Petroleum 
in Modern Transport 


The most recent survey of the application of 
petroleum fuels and lubricants to road, rail, 
air, and water transport, and of future trends 
in these applications. 


184 pages Illustrated 


Price 30s, Od. post free 


Obtainable from 


The Institute of Petroleum 
26 Portland Place, London, W.1. 


LEADING THE WAY 


As they travelled through unfamiliar regions 

in their prairie schooners, the pioneer settlers of 
the western regions of America were faced 

with many uncertainties. For them, the journey 
was truly a voyage into the unknown. 


Innumerable doubts and misgivings can be present, 
too, when you embark on an important 

expansion programme, particularly when a decision 
must be reached on the selection of a process 
construction organization. There can be no turning 
back after the commitment becomes final. 


You will be free of this concern when you choose 
Procon, with its complete design, 

engineering, and construction facilities. Procon 
has repeatedly demonstrated its leadership 

in completing a wide variety of projects 
according to the specified requirements. 


Our engineering staff can show 


you in detail why your next 
ma process construction job should 
be handled by Procon. 


PRO C ON (reat Britain) LIMITED 


112 STRAND, LONDON, W. C. 2 


PROCON (CANADA) LIMITED 40 ADVANCE ROAD TORONTO ONTARIO 
PROCON MT PROSPECT ROAD DES PLAINES LLL USA 
WORLD WIDE CONSTRUCTION FOR THE PETROLEUM 

PETROCHEMICAL AND CHEMICAL INDUSTRIES 
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FOR 

HIGH 

TEMPERATURE 
SERVICE 


Conforming to B.S.S. 1750-1951, Stud Bolts and Nuts 
are being supplied by Rubery Owen to all the principal 
Oil Companies and Refinery Equipment Manufacturers 
in ever increasing quantities. Special production facilities 
have been planned to suit every requirement to both 
British and American Standards with either Unified or 
Whitworth Threads. 


RUBERY OWEN 


STUD BOLTS AND NUTS 


RUBERY, OWEN & CO., LIMITED 
P.O, BOX No, 10, DARLASTON, WEDNESBURY 
STAFFS., ENGLAND 


Member of the Owen Organisation 


London Rupert Department: Kent House, Market Place, Oxford Circus, W.1 
Canadian ©: 1470, The Queensway, Postal Station N, Toronto, 14 


MODERN 
PETROLEUM 
TECHNOLOGY 


SECOND (1954) EDITION 


702 pages 200 Illustrations 


Price 35s. Od. post free 


Obtainable from 


The Institute of Petroleum 
26 Portland Place, London, W.1 


The Post-War Expansion 
of the 
U.K. Petroleum Industry 


Supply, refining, distribution and economics 
are covered by the twelve papers comprising this 
authoritative account of the development of the 
r British petroleum industry. 


220 pages Illustrated 


Price 25s. Od. post free 


Obtainable from 


The Institute of Petroleum 
26 Portland Place, London, W.1. 
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Esso Oil—in 18 
different grades—flows 
through Silvertown Hose 

at Fawley 


Wherever a flexible link is needed between storage tanks and transport, 
there’s a SILVERTOWN Suction-Discharge Hose specially designed for the job. 
Tough, rugged hose. . . built to withstand tough and rugged service ... with a smooth 


bore to ensure uninterrupted flow. Its specially compounded lining is extremely 


resistant to the destructive attack of crude oil, petrol, benzene, gas oil and other 
solvents —its covers, too, are unaffected by these fluids. Silvertown Suction- 
Discharge Hose is normally supplied flanged, with built-in spigots firmly 
vuleanised to the body and additionally secured by heavy band clips. 


IL HOSE 
SUCTION AND DISCHARGE | 


THE INDIA RUBBER, GUTTA PERCHA & TELEGRAPH WORKS CO. LTD 
HERGA HOUSE, VINCENT SQUARE, LONDON &.W.1 
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TECHNICAL WORKS 
ON PETROLEUM 


@®JOURNAL OF THE 


INSTITUTE OF PETROLEUM 
Annual Subscription 94s. 6d. 


@ INSTITUTE OF PETROLEUM 


REVIEW 
Annual Subscription | 5s. Od. 


® MODERN PETROLEUM 


TECHNOLOGY 


(2nd (1954) Edition) 
Price 35s. Od. post free 


@® STANDARD METHODS FOR 
TESTING PETROLEUM AND _ITS 


PRODUCTS 
Price 40s. Od. post free 


@ SIGNIFICANCE OF PROPERTIES OF 
PETROLEUM PRODUCTS 
Price 7s. 6d. post free 


@ASTM/IP PETROLEUM 


MEASUREMENT TABLES 


British Edition—Price 50s. Od. post free 
Metric Edition—Price 55s. Od. post free 


@ PETROLEUM MEASUREMENT 


MANUAL 
Price 28s. 6d. post free 


@ POST-WAR EXPANSION OF THE 
U.K. PETROLEUM INDUSTRY 
Price 25s. Od. post free 


@ iP SAFETY CODES FOR THE 


PETROLEUM INDUSTRY 


Parts | & 2—Electrical and Marketing Codes 
Price 38s, 6d. post free 


Published by 


The Institute of Petroleum 
26 Portland Place, London, W.|! 
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WHETHER static or on the move, beneath the 
pumps or on the road, petroleum supplies are 
safe in Butterfield Road Tanks. The merits of 
Butterfield Storage Tanks (once in position) are 
not ‘‘on view’’ but the filling station knows all 
about them, and as to the Road Tanks, they have 
a visible characteristic in the Girder Mounting 
which Butterfields originated. It provides the best 
possible support for the Tank and gives utmost 
stability. 
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Butterfield 


STORAGE TANKS 
AND ROAD TANKS 


-alon 7 
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CLARSOL 


Bentonites 


CLARSIL 


Activated Earths 


POROSIL CLARCEL 


Kieselguhrs Filter Aids 
PYRO-ISOL CECAGEL 
Refractory Insulating Silica-gel 


Bricks 


ACTICARBONE 


Activated Carbons 


THE BRITISH CECA COMPANY LTD. 


175 PICCADILLY, LONDON, W.1I 
TEL: HYDE PARK 5131-5 CABLES: ACTICARBON, LONDON 


ADVERTISERS 
Babcock & Wil * x Ltd. 


Bailey Bros. Ltd. 
Baker Oil Too 


P. Butterfield Ltd. 


atthew H 
aywar 
ughes 


. J. Fraser & Co. Ltd. 
General Ltd. 


& Co. “tia. 


‘The 
pemical industries | Ltd. (Metals Division) 


1Co 
im eral Ch Syndicate Ltd., 
m 


he 
wm apt on & Sons Ltd 
Richard Klinger Ltd. 
ke & Elliot itd, 
o. Ltd 
J. Main & Co. 


n Instruments 
Metal. Propellers Ltd. 
Mitchell Electrical Co. Ltd. 


t 
ewman, Hender & Co. Ltd. 

Oxford University Press Ltd. 
ower~Gas Corporation Ltd., The 
rocon (Gt. Briain) Ltd. : 
ubery, Owen td. 

gouth Durham Stee} and Iron Co. Ltd. 
unvic Controls Ltd. 

Universal Oil Products Co. 

& J. Weir 

Whessoe L 
enry Wisgin & Co, L 
oodfield Hoist and Associated, Industries Ltd. 

Yorkshire Copper Works Ltd., 


r 
dia 'R R ber, Gutta Percha & Telegraph Works Co. 


Ltd. Apr 
‘ompofiex Ltd. Vv 
oppaysnt Rooms Ltd., The July 
A raig & Co. Ltd. 
orman & Smith Ltd. ‘ Apr 
lectroflo Meters Co, Ltd. Mar 
nglish Drilling Eguipment Co. Ltd. Mar 
vershed & Vignoles Mar 


STRUCTURES 
IN 
STEEL 


We Specialise in 


ALL TYPES OF STRUCTURES 


Required for 
Oil Production and Refining 


ALSO 


‘KELVIN ' all iron and ‘MAINSTEEL' PALISADING 


and All Types of FENCING 
for HOME and OVERSEAS 


LONDON OFFICE 


VINCENT HOUSE, VINCENT SQUARE, 8.W.1 


Telephones Victoria 6375 /6/7/8 Telegrams Kelvin Sowest, London 


A. & J. MAIN & COMPANY LIMITED 


WORKS AND REGISTERED OFFICE 


CLYDESDALE IRONWORKS, POSSILPARK 


GLASGOW, C.2 
Telephone : Possil 838! 


CALCUTTA: Post Box 36, 16 NETAJI SUBHAS ROAD 


also NAIROBI and CHITTAGONG 


Telegrams: Kelvin, Glasgow 
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MATTHEW HALL 


GROUP OF COMPANIES 


OIL REFINERY ENGINEERS 


ESTD. 1648 


MATTHEW HALL HOUSE, DORSET SQUARE, LONDON, N.W.I 


Glasgow Manchester Bristol Belfast Dublin Johannesburg Germiston Ourban 
Cape Town Welkom Lagos Bulawayo Salisbury (Central Africa) West Indies 


MATTHEW HALL 
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comprehensive 
service 


ATMOSPHERIC AND VACUUM 
DISTILLATION UNITS 


COMBINED DISTILLATION, 
CRACKING, REFORMING AND 
VAPOUR PHASE TREATING UNITS 


PRESSURE DISTILLATE RE-RUN UNITS 


GASOLINE RECOVERY 
AND STABILISATION UNITS 


FRACTIONATING COLUMNS 
AND TUBE STILLS 


WAX REFINING, SWEATING AND MOULDING 


Caledonia Engineering Works 


Paisiey, Scotiand 


London Office: 727 Salisbury House, London Wall, E.C.2. Phone: NATional 3964 
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